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GROWTH OF THE GEODUCK CLAM IN
HOOD CANAL, WASHINGTON I

Aven M. Andersen

Natural Resources Institute

University of Maryland
College Park, Maryland

The growth of the geoduck clam, Panoye
gencrosa Gould, can be well-described by a

von Bertalanffy growth curve, Lt = 22.5cm ( 1 —
p-0.15t ). This fact was established by examining
the growth lines on geoduck shells, by studying

length-frequency distributions of geoducks dug at

Dosewallips and Big Beef, and by planting and

recovering tagged geoducks at Big Beef. Hood
Canal, Washington. Growth lines on geoduck
shells were determined to be unreliable indicators

of age.

The length-frequency distributions revealed

three distinct year classes. The average lengths of

these year classes at various ages provided
estimates of the von Bertalanffy growth con-

stants.

Although tagging and planting temporarily

stopped the growth of tagged geoducks and
caused marking checks, some tagged geoducks
grew well and these supported the growth curve
derived from the length-frequency distributions.

Geoducks grew throughout the year, but data
were insufficient to quantify seasonal growth
rates. Tagged geoducks planted at the — 1-ft,

—
2-ft,—

4-ft, and — 10-ft tide levels grew at the same rate.

The relationship between shell length and total

weight is curvilinear. The relationship between
total weight and meat weight is rectilinear. In

both relationships there is a lot of variation. The
average, whole, freshly-dug geoduck consists of

(by weight): 28.1';; sand and water, 17.4'',; shell,

12.0% viscera and 42.5% edible meat.
A 1-year-old geoducK lives in a burrow about 20

cm deep, has shells about 3 cm long ,and weighs
about 10 g. A 3-year-old geoduck lives about 60

cm deep, has shells 10 cm long and weighs 300 g.

A 10-year-old geoduck is nearly full-grown, lives

in a burrow 80 cm deep, has shells 17 cm long,
and weighs about 1600 g.

I This work was part of a sudy on the biology
of the geoduck sponsored by the University of

Washington graduate school research fund and
the Washington Cooperative Fisheries Unit.

ALGAL PRODUCTION FOR SHELLFISH FEED

Kathleen Ballard and Frieda B. Taub

College of Fisheries

University of Washington
Seattle, Washington

A four-unit continuous culture of Monochrysis
lutheri, an excellent larval shellfish feed, has been
studied as a prototype for small scale hatchery
use. The prototype unit consisted of a primaiy
growth carboy containing 18 liters of culture,

followed by two successive growth carboys, each

containing a culture volume of 8 liters, and a final

carboy (yield) accommodating a maximum volume
of 20 liters. Experiments have been conducted to

determine the production characteristics of the

prototype unit In terms of total cell, dry weight
and protein yields, and protein levels and equival-
ent densities of the alga. Currently, the dilution

rate of the unit is the major experimental variable

being tested. Light and carbon dioxide concen-

tration effects have also been tested.

Results indicate that total cell yield continues

to increase with increasing flow rates to at least

14 liters/day. At this point, total system yield

equaled 218 x 10^ cells/day, consisting of 6.8 g dry

weight (ash-free) and 1.5 g protein (i.e., 22% pro-

tein) which corresponds to densities of 15.5 x 10^

cells, 0.485 g dry weight (ash-free) and 0.106 g
of protein/liter. There are indications that higher
flow rates will result in still higher yields.

At low flow rates, e.g., 3 liters/day, virtually

all of the growth occurred in the first carboy and

production was nil or negative downstream. As
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the flow rate increased, cell density dropped in

the first growth carboy, but positive production
continued to occur downstream, resulting in pro-

gressively greater system yields. The protein

level has been shown to vary from 17 — 45%,

presumably related to the availability of nitrate.

Culture conditions were held at a light

intensity of 2000 ft-c, 2% CO2 -enriched air and a

temperature of 23°C.

Further experiments are planned to increase

total cell and protein yields and to test the effects

of varying protein levels on the growth of oyster
larvae.

SEX CHANGE IN PANDALUS JORDAN! AND
PANDALUS HYPSINOTUS IN

BRITISH COLUMBIA

T. H. Butler

Fisheries Research Board of Canada

Biological Station, Nanaimo, B. C.

Data collected during surveys of the shrimp
trawling ground near Comox, Vancouver Island,

from September 1965 to May 1969, are presented.
The main species, Pandalus jordani, showed a devi-

ation from the normal hermaphroditic pattern.
Some individuals matured first as females at 1-1/2

years. Although early maturing females were pres-

ent throughout the study period, relatively higher

percentages were observed in the 1964, 1966 and
1967 brood years. In all but the 1965-1966 season,

size distributions of ovigerous females tended to

be bimodal, made up of second and third year
individuals. Few, if any, males older than 2-1/2

years were present. First maturation as females
occurred also in P. hypsinotus. Unlike P. jordani,

however, ovigerous females in all years sampled
consisted almost entirely of shrimp in their second

year.

DISSOLUTION OF SHELL BY THE ACCESSORY
BORING ORGAN OF UROSALPINX: A STUDY
BY SCANNING ELECTRON MICROSCOPY 1

Melbourne R. Carriker

Marine Biological Laboratory
Woods Hole, Massachusetts

Excavation of shell of prey by Urosalpinx cin-

organ (ABO) secretes a substance which dissolves

erea (Muricidae, Gastropoda) is accomplished by
an intricate process in which the accessory boring
shell at the site of penetration, and a minor por-
tion of the weakened shell is then removed by the

radula and swallowed. Alternation of successive

short periods of rasping and long periods of

chemical activity continues until a borehole is ex-

cavated. Radular activity plays only a minor role

in shell removal, whereas chemical activity dis-

solves the bulk of the shell and shapes the bore-

hole.

This paper reports the preliminary results of a

study with scanning electron microscopy of the

action of the ABO secretion on the microarchitec-

ture of the shell of Mytilus edulis viewed in frac-

ture sections of incomplete boreholes.

Boreholes were removed from snails before they
were completed, dried, cracked open over a

fulcrum, shadowed with palladium-platinum in

vacuum and examined with a JEOLCO scanning
electron microscope at magnifications rani^ing
from 75 — 10,000.

The normal morphology of the periostracum,

prismatic and nacreous layers of the shell is

described first. Prisms of the two layers are

distinctly different. Solution of these layers at

the borehole-shell interface in fracture sections

is described next. Solubilization of the pri.=;matic

region appears to proceed progressively vhrough
the organic prismatic envelopes into ihe ciystals,

leaving exposed tapering structures resembling
the prisms in miniature; whereas solution of the

nacreous region advances in a less ordered pat-

tern. Reasons for the variability of the solution

patterns are not yet known, but may be related

to the presence of trace minerals. A coat, possibly
a combination of ABO secretion and dissolved

shell, forms over the borehole surface at certain

phases of the penetration cycle. The role of this

coat is unknown. It may provide a mechanism
for removal of the products of dissolution by the

radula.

I Mr. Dirk VanZandt assisted in the preparation of

the fracture sections, and Dr. Virginia Peters col-

laborated in the use of the scanning electron

Microscope. This study is being supported by the

National Institute of Dental Research, NIH.

JANUARY SIZE FREQUENCY DISTRIBUTION
OF PANDALOPSIS DISPAR AND PANDALUS
PLATYCEROS TRAWLED IN DABOB BAY,
HOOD CANAL, WASHINGTON FROM

1966 TO 1971

Kenneth K. Chew, John W. Wells, David Holland,

Daniel H. McKenzie and Colin K. Harris

College of Fisheries

University of Washington
Seattle, Washington

The size frequency distribution of both males
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and females of Pandalopsis dispar and PandalvLs

platyceros was presented and discussed. Even

though samples were taken during the same
month each year, there were wide variations in

the annual distributions.

Only the length-weight relationship of Pandalus

platyceros was presented. As expected, the

relationship was in the form of a curvilinear re-

gression. After logarithmic transformation of the

length-weight data for covariance analysis, the

1966, 1969, 1970 and 1971 lines followed a common
slope, but possessed unequal means and thus could

not be represented by one common line. No data

were available for 1967 and the slope for the 1968

line was significantly different from all other

data.

In addition, the bathymetric distribution for

Pandalus platyceros was presented for the 1970

and 1971 data. By trawling at different depths and
at different times of the day, we were able to de-

termine the catch per unit of effort for the in-

dividual hauls. This species had a definite diel

migration pattern; they were most numerous at

shallow depths during the nighttime and at deep
depths during the daytime.

REPRODUCTIVE CYCLE AND PLANKTONIC
STAGES OF MYA ARENARIA IN THE
HAMPTON-SEABROOK ESTUARY,

NEW HAMPSHIRE <

John D. Davis and Donna D. Turgeon

Normandeau Associates, Inc.

Manchester, New Hampshire

The Hampton-Seabrook estuary. New Hamp-
shire, (approximately 40 miles north-northeast of

Boston, Massachusetts) supports an extensive re-

creational fishery for the soft-shelled clam, Mya
arenaria (estimated population of about 22.000 bu

of legal-sized clams in 174 acres of intertidal flats

in 1969). Population size composition and density
are maintained from year to year despite preda-
tion and a very high tidal flushing rate. Investiga-
tions were undertaken to detect factors helping
to maintain the Mya population in the face of the

potentially limiting conditions.

From July 1969 to June 1970 histological examin-
ation of bimonthly samples of M. arenaria from
the Hampton-Seabrook estuary revealed a single

reproductive season each year occurring from late

July to early September. This information further

confirms other studies indicating only one repro-
ductive period each year for M. arenaria north of

Cape Cod.

Plankton sampling to detect the presence of

bivalve larvae was undertaken concurrently and

continued through the summer of 1970. Sampling
stations were established in the upper estuary,
the main harbor and in adjacent offshore waters.

Planktonic larvae of M. arenaria, Mytilus edulis,

Modiolus sp. and Anoynia aculeata were routinely
identified and their abundance recorded.

Mya larvae were found in the offshore, harbor
and upper estuary waters during the period from

mid-July to late September, with the peak abun-

dance occurring in August. All 4 identified species
exhibited consistent vertical stratification in off-

shore waters with greater concentrations toward
the bottom. Stratification was frequently absent
in the main harbor, but usually retained in upper
reaches of the estuary.

Mya larvae were considerably more abundant

throughout the water column on flood tide stages
than on ebb phases, but stratification was main-
tained on all tide stages. Differential response to

tidal flow may provide a means of keeping
planktonic larvae in the estuary in the presence
of high tidal flushing. Investigation of the prob-
lem is continuing.

I This study is a part of Seabrook Ecological

Study. Phases I and II, a continuing contractual

program conducted for the Public Service Com-

pany of New Hampshire.

DYNAMICS OF PANDALID SHRIMPS:
A REVIEW AND MANAGEMENT

CONSIDERATIONS

William W. Fox, Jr.

Center for Quantitative Science

in Forestry, Fisheries and Wildlife

University of Washington
Seattle, Washingto7i

The theory of fishing is well developed for

bisexual fish populations which occupy upper

trophic positions. From a quantitative aspect, how-

ever, relatively little has been accomplished in de-

fining fishing optima for crustaceans in general
and pandalid shrimps in particular. Life history

characteristics of pandalid shrimps which lead to

questioning the propriety of usual fishery

dynamics models include: (1) protandric hermaph-

roditism, (2) the carrying of fertilized eggs by

females, (3) the peculiarities of crustacean growth,
(4) the occupation of a low trophic position and

the resulting interaction with ground fisheries

and (5) the relatively greater influence of environ-

mental variation on their populations. These life

history characteristics are reviewed and discussed

in relation to management considerations. It is

proposed that a computer simulation model of a

general pandalid shrimp population could be
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employed to examine alternative fishing strategies

and to infer optimal management policies.

CROSS INCOMPATIBILITY AND INBREEDING
IN THE AMERICAN OYSTER,

Ci'assostrea virginica

A. Crosby Longwell and S. S. Stiles

U. S. Department of Commerce
National Oceanic and Atmospheric Administration

National Marine Fisheries Service

Milford, Connecticut

Marked fertilization failures have occurred in

4 out of 5 cultures of the American oyster, Crass-

ostrea virginica, in their first generation of in-

breeding by crosses of full sibs. The 5 cultures

originated from single, typical crosses of 10 wild

oysters from Long Island Sound. Normal cleavage
was observed in only 5''i of the sib-crossed eggs
in one series of crosses. There were normal cleav-

ages in 70':( of the crosses between lines, and in

outcrosses of the same individuals to wild oysters.

Penetration of the sibling sperm was often delayed
or it remained in the membranes of the egg.
In another series of crosses in which special at-

tempts were made to achieve fertilization, 7^'f of

the eggs were effectively fertilized by sib sperm;
69''f of the outcrossed eggs were so fertilized.

Prolonged fertilization attempts led to a harm-

fully increased level of polyspermy and increased

cases of sperm degenerating in the egg cytoplasm.

Parthenogenic activation of the egg occurred

in only 0.1';; of the first outcrossed series and in

2.5';'f of the contemporary inbred population. In

the second series, these values increased to 6 and

29'1, respectively. Microscopic study revealed that

such eggs could develop into: (1) larvae the ap-

proximate equivalent of 14 generations of sib-

crossing, (2) absolutely inbred larvae with every

gene homozygous, or (3) near replicates of the

sole female parent.

Development of the eggs to normal, viable,

straight-hinge larvae in one series was twice as

great for the outcrosses as for the inbred cultures.

In another series, it was GSVf for the outbreds and
11% for the inbreds. Gross abnormals were 2'yc

of the total straight-hinge larvae of one set of

contemporary outcrossed controls and 11 Tf of the

inbred larvae.

In one group of contemporary larval cultures

food and water levels were adjusted every other

day to number of survivors. For the period 12 —
17 days, survival of the outbreds was 6 times

greater than that of the inbreds. Inbred larvae be-

gan to diverge in size from the outcross larvae
at about 1 week. By day 19 the inbreds were a

significant 10% smaller than the outbreds. There
is then considerable genetic variation in these oys-

ters, a variability essential to any genetic improve-
ment by breeders.

In individual crosses of divided lots of the eggs
of several females by several unrelated males, the

number of eggs fertilized, polyspermy, delays in

the completion of female meiosis, development to

the straight-hinge stage and the number of abnor-

mal larvae vary in patterns that appear explicable

only by special egg-sperm interactions. In mass

spawnings where the gametes of about 100 oysters
are intermixed fertilization failure is rare.

A strong outbreeding system in the American

oyster must, at least in some individuals in some

populations, be reinforced by a system of cross

incompatibility with a basis in genetic factors

which prevents free crossing between related or

similar genetic types. Crossability is probably
determined by the parental, not the gametic
genotype, since the reacting components of the

egg and sperm are formed from the cytoplasm of

the unreduced oocyte and spermatocyte. Not un-

expectedly, ionizing irradiation increases crossa-

bility in the oyster through its mutagenic effect.

A similar system of gamete incompatibility
exists in the tunicate, Cio7ia sp. Inbreeding incom-

patibility may also occur in the Japanese oyster,
C. gigas. Cross incompatibility is met with in at

least some inter-species crosses of the American

oyster.

Genetic cross incompatibility, inbreeding de-

pression and estimates of genetic variability in

the oyster have significance for breeders irre-

spective of whether they are now interested in

deliberate inbreeding.
This work is based on 50 crosses, involving mil-

lions of eggs, made over a period of 3 years and
on the microscopic analyses of thousands of eggs

representing most of the fertilizations made.

Ancillary information comes from 15 mass crosses

of 500 oysters in a selection experiment, hundreds
of diallele crosses of heritability studies, and
about 100 individual crosses of gamma- and X-

irradiated material in mutation studies.

DISTRIBUTION OF SUBTIDAL HARDSHELL
CLAMS IN PUGET SOUND, WASHINGTON

Lynn Goodwin

Washington Department of Fisheries

Brinnon, Washington

Diver surveys of subtidal hardshell clams have
been conducted in Puget Sound by the Washington
State Department of Fisheries since 1967. Beds of

the butter clam, (Saxidomus giganteus) and little
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neck clam iProtothaca staminea) have been found

in commercial abundance in many locations, but

are concentrated in the central portion of Puget

Sound. Both species were more frequently obsei-ved

than any of the 25 species of clams taken in a total

of 1,300 samples. Hardshell clam abundance is

highest in substrates composed of gravel and shell

and lowest in mud and sand. Butter and little

neck clams are found in commercial quantities in

water as deep as 50 ft, but the abundance of both

species is inversely related to water depth. Water

current velocity appeared to be directly correlated

with clam abundance. Clam resources found in

this survey will make an important contribution

to the State's hardshell clam fishery.

FACTORS IN THE REGIONAL ADVANCE OF
MARINE AQUACULTURE

Herbert Hidu

The Ira Darling Center for Research,

Teaching a7id Service

University of Maine

Walpole, Maine

Marine aquaculture has advanced to different

degrees in various parts of the United States and

the rest of the world. In some areas aquaculture

is nearly a complete husbandry, whereas in others,

with the same biological potential, culture has re-

mained in a more primitive state of wild harvest

or, at best, only partial husbandry. As a guide in

our efforts to advance marine aquacultufe, it

would help to categorize the reasons producing the

differences.

Conditions necessary for culture advancement

appear to be analagous to those necessary for

species invasion of a new habitat. With species

invasion, the appropriate "niches" must be un-

occupied and the species must be physiologically
able to cope with, and have physical access to, the

niches. Similarly with advance of culture methods
the available area should not be occupied by a

more primitive technique or public fishery, the

new techniques must be economically viable in the

system and enterprise must know of the available

advanced techniques. Such characterization helps
in determining limiting factors and thus in focus-

ing upon research that will be most effective in

aquacultural advancement.
Under these conditions the Maine coast and

Maryland's Chesapeake Bay are quite similar in

their immediate potential for aquaculture, where-
as on Long Island Sound and the Pacific coast,

the immediate prospects are somewhat higher.

THE KODIAK ISLAND SHRIMP FISHERY i

Jeri-y A. McCrary

Alaska Department of Fish

Kodiak, Alaska
and Game

The Kodiak shrimp fishery landings have

steadily increased from 13.8 million pounds in

1965 to a record high of 62.4 million pounds in

1970. The 1971 catch of shrimp is expected to ex-

ceed the 1970 catch, despite a new quota system
for certain areas. Already in 1971. the number of

processors and trawling vessels has doubled to

8 and 36, respectively. Three adjacent major fish-

ing areas, Ugak Bay, Kiliuda Bay and Twoheaded
Island, contribute an average 80% of the total

annual catch, which is composed of more than

90% pink shrimp, Pandalus borealis. Other com-

mercially important species are sidestripe shrnnp,

Pandalopsis disjjar, humpy shrimp, Pandalus

goniurus, coonstripe shrimp, Pandalus hypsinotus,

ocean pink shrimp, Pandalus jordani and spot

shrimp, Pandahis platyceros.

Shrimp investigations conducted by the Alaska

Department of Fish and Game include: monitoring
of shrimp catch per unit effort, life history studies

and monitoring of relative year class strength

through commercial catch sampling and sea sur-

veys to determine distribution and abundance.

These investigations indicate that annual catch

per unit effort has increased steadily from 3,300

Ib/'hr in 1968 to 4,300 Ib/hr in 1970. Catch per unit

effort has also increased in major fishing areas

since 1968, although the relative strength of pink

shrimp recruit age classes in the catch has de-

clined. Interpreting the cause of this decline is

complicated by the fact that massive immigrations
and emigrations are known to occur in the major
fishing areas. All fishing conducted in the major

fishing areas occurs within 150 square miles of

prime pink shrimp habitat which lies inside the

Smiles territorial water zone. Immediately off-

shore and adjacent to these major fishing grounds

is another 900 square miles of shrimp habitat of

which about 450 square miles are known to con-

tribute to the productivity of major inshore fish-

ing areas.

Life history studies indicate that shrimp growth
rates and the age at which sex change occurs vary

considerably between certain inshore and off-

shore areas around Kodiak Island. In most in-

shore areas, considering April as the month of

hatching, pink shrimp at 6 months of age average

7-8 mm in carapace length. By 18 months they

have reached 12-13 mm as immature males. The

length at 30 months is 15.5-16.5 mm and most are

mature as males. Males usually remain sexually

active for another year reaching 17-18 mm by 42
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months. All males complete sex change and are

mature as females by 54 months and average 20-21

mm in length. Many female pink shrimp survive

two spawnings and attain a maximum estimated

age of slightly more than six years with an aver-

age length of 21-22 mm. Prior to assuming breed-

ing dress, these older, previously spawned
females are distinguishable from newly trans-

formed females by the absence of sternal spines.

in the northern Gulf of Maine since 1968. Pandalus

borealis larvae were separated from the collections.

Quantitative estimates of abundance were made.

Distribution appeared to be within 10 miles of

shore along the entire coast of Maine. Distribution

of peak abundance varied within a 2 week period

progressing from west to east. Stages I, II and III

were collected and identified. Attempts to collect

Stages IV, V and VI have been unsuccessful.

I This research supported in part under PL 90-551

Project No. 5-20-R-l with the National Marine
Fisheries Service.

WOUND REPAIR OF THE GONAD IN
CRASSOSTREA GIGAS FOLLOWING ACUTE
IRRADIATION — A CLUE TO LEUCOCYTE

RADIOSENSITIVITY

Michael C. Mix

Department of General Science

Oregon State University

Corvallis, Oregon

Gonads of oysters subjected to various doses of

gamma radiation undergo two types of degenera-

tion, acute or chronic, depending on the radiation

dose received and effects on cell renewal systems.

Degeneration ultimately results in denudation of

the germinal epithelium of the gonad follicles

and the peripheral gonoducts. A concomitant

wound repair response was observed in gonads of

all oysters which received 5 Krads or more, and
in some oysters which were irradiated with 1

Krad.

The wound repair response was mediated

predominantly by granular leucocytes; however,
other cell types, including multinucleate mac-

rophages, were also involved. The origin of

granular leucocytes through mitotic cell division

offered an indirect opportunity to analyze effects

of irradiation on leucocyte cell renewal.

The occurrence of mitotic figures in leucocytes
and the degree of wound repair may provide
valuable information concerning leucocyte radio-

sensitivity.

LARVAL DISTRIBUTION OF PANDALUS
BOREALIS IN THE NORTHERN

GULF OF MAINE

Ronald G. Rinaldo

Department of Sea and Shore Fisheries

West Booth Bay Harbor, Maine

Annual plankton cruises have been carried out

VARIATIONS IN REPRODUCTIVE POTENTIAL
OF PANDALUS JORDANI

Jack G. Robinson

Fish Commission of Oregon

Neicport, Oregon

Pacific pink shrimp, Pandalus jordani, popula-

tions possess considerable variation in reproduc-

tive potential. These variations e.xist between and

among subpopulations. Factors affecting re-

productive potential examined are: (1) fecundity

among California and Oregon subpopulations; (2)

variation in age at sex-change among Oregon sub-

populations, and (3) mean annual fecundity for

Oregon subpopulations. A general decrease in

mean fecundity from south to north over the Cali-

fornia-Oregon range is indicated from data avail-

able. Sex change may occur at 1-1/2, 2-1/2 or 3-1/2-

years in shrimp off Coos Bay and northern

Oregon, apparently depending in part on sex

ratio of populations and/or density. Within these

subpopulations, considerable variation in annual

potential fecundity exists; most strong year
classes were products of parent stocks showing
relatively low mean fecundity, while some weak
year classes stemmed from parent stocks with

higher mean fecundity.

CHEMICAL VARIABILITY OF
ALGAL SHELLFISH FEEDS

James B. Saddler and Frieda B. Taub

Fisheries Research Institute

and
Institute for Food Science and Technology

University of Washington
Seattle, Washington

It has long been established that algae are a

major food source for shellfish. It is demonstrated
that controlling the levels of nitrate and phosphate
in nutrient medium used for algal culture is an
effective method of controlling the protein level,

total lipid level and also the composition of algal

fatty acids. Chlamydomonas reinhardtii were
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grown in defined inorganic media witli the initial

concentrations ranging from 5.0 mM NO3, 0.04

mM P04 to 0.025 mM NO3, 0.002 mM POj. There
was a decrease in cell yield with decreased nitrate

and phosphate concentrations, but the total lipid

content per algal cell was maximized by con-

centrations of nitrate and phosphate of 0.5 mM
and 0.04 mM respectively. High and moderate
levels of nitrate and phosphate resulted in similar

fatty acid compositions; when nitrate and

phosphate concentrations were decreased, how-
ever major changes were observed in the algal

fatty acid composition. Saturated fatty acids 16:0

decreased from 31 to 23':i' and 20:0 decreased
from 4 to 2';f, while stearic acid increased from
trace amounts to a maximum of 12<;f at the lowest
nitrate and phosphate concentrations. Fatty acid

16:3 decreased in percentage from 4% to less than
19f and 18:4 decreased from 20 to 3%, while C-20

and C-22 polyunsaturates increased from trace

amounts to a maximum of 21%. The overall result

of these changes was to increase the percentage
of long chain fatty acids, especially polyunsatu-
rates (PUFA).
The fatty acid composition of the marine algae,

Monochrysis lutheri, was determined for cells

grown in continous culture. Comparison with C.

reinhardtii indicates that M. lutheri has consider-

ably larger amounts of polyunsaturates. Earlier

work has demonstrated that the responses of

different algae species to growth conditions are

similar; thus it can be expected that the increase
in C-20 and C-22 PUFA observed for C. rein-

hardtii at low NO3 — PO4 concentrations will also

be observed for M. lutheri, a species of algae
which is particularly suited as a feed for shell-

fish culture.

These culture methods, which reliably produce
algae of known chemical and nutritive composi-
tion, will be useful in nutritional studies in shell-

fish culture and ultimately in larger scale shell-

fish culture.

AN OFF-BOTTOM OYSTER CULTURE
DEMONSTRATION AT OXFORD, MARYLAND

William N. Shaw

U. S. Department of Commerce
National Oceanic and Atinospheric Adm,inistration

National Marine Fisheries Service

Marine Extension Shellfish

Easton, Maryland

In 1968, an off-bottom oyster culture center was
established at the National Marine Fisheries

Service Biological Laboratory, Oxford, Maryland
on the Tred Avon River. The purpose of the center

was twofold: (1) to investigate and compare
methods of off-bottom oyster culture that may be

commercially practicable in the tributaries of

Chesapeake Bay and other similar areas; and (2)

to demonstrate the variety of methods used to

grow oysters off the bottom in countries such as

Japan, Korea and Australia. Of uppermost im-

portance was the availability of the center to

watermen, industry, researchers and other inter-

ested people.

Three off-bottom methods were tested — long-

line, rigid structure and raft. Strings containing

spat-laden shell were suspended in the winter of

1968-69 and the oysters' growth, condition (per-

centage of solids) and survival were compared
for 2 years. At the end of 1969, the growth and

condition for all three groups were nearly equal.

During the winter of 1969 the oysters suspended
from the rafts were lost. At the end of 1970, the

mean length of the oysters on the long-line was
92.1 mm and those suspended from the rigid

structure averaged 92.7 mm. Over 90'/c of the

oysters were marketable (3 inches or greater)
and their meat quality was excellent.

The meat yield for the rigid structure was ex-

trapolated. If the total acre was put under cul-

ture, a yield of 11.7 tons of meat per acre per year

may be realized. If 1/4 of an acre is covered with

rack culture, a more likely commercial possibility,

the yield might be 2.9 tons per year.

SEX CHANGE IN PANDALUS JO'RDANI
OF THE WASHINGTON COAST

Herb C. Tegelberg

Washington Department of Fisheries

Aberdeen, Washington

Shrimp trawl catches of the pink shrimp,
Pandalus jordani Rathbun, from the Washington
coast have been sampled since 1955. Determina-

tions have included size, taken as a length

measurement of the carapace, and sex, as deter-

mined from the characteristic of the endopodite
of the first pleopod. Size frequencies were used to

identify age groups up to 4 years.

Sexual maturity was at age 1-1/2 years, and de-

velopment was usually as male at this age. Sub-

stantial development to female at age 1-1/2 years
occurred only in the 1954 year class. Female de-

velopment at this age appears to be secondary
after early development toward male, but the

sampling procedures do not preclude the pos-

sibility of primary females. Transition from male

to female has been most frequent at age 2-plus,

but, within several year classes, as high as 50%
delayed the sex change until age 3-plus. Late sex
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change was noted in 3 out of 4 dominant year
classes during the 16year period, and early sex

change occurred in the fourth. With the possible

exception of a few shrimp of the 1954 and 1966

yoar classes, all 4-year-olds were females.

Females were larger than males following se.x

change at 2plus, and bimodal size distributions

appeared to result in part from faster growth
by transitionals.

presented on the reproductive capability of males

indicates that the agreed upon minimum com-

mercial size should not seriously affect breeding
success of the populations.

I Present address: Fisheries Research Board of

Canada, Office of the Editor, 116 Lisgas Street,

Ohawa 4, Ontario.

REPRODUCTIVE POTENTIAL OF THE
ATLANTIC SNOW CRAB,
CHIONOECETES OPILIO

J. Watson

Fisheries Research Board of Canada
St. Andrews, N.B. '

The fishery for Chionoecetes opilio in the

Canadian Atlantic has developed rapidly since

1967. Current annual landings approach 17 mil-

lion pounds. A minimum commercial size of 102

mm (4 inches) carapace width, based on the

economics of meat extraction, was agreed upon for

this exclusively male crab fishery before biological

data were available on size at maturity. Sub-

sequent research indicated that males matured at

about 60 mm carapace width but other important

aspects of reproduction remained unanswered.
This paper discusses further research on re-

productive potential of direct significance to the

fishery.

All phases of mating behavior, from premating
embrace, molt to maturity in females, copulation
and post-mating embrace, were observed. Males

close to the smallest size at maturity (about 60

mm carapace width) successfully mated, some
with females larger than themselves. Capability

of repeated matings in a season was shown by
a subcommercial male which successfully mated
with 6 newly matured females. In field trials,

females in the absence of males laid new, fertile

eggs within several days after releasing larvae.

No hard-shelled, barren females could be induced

to mate. As described in Japanese studies, the

first egg batch is probably carried by the female

for about 18 months and subsequent batches for

about one year. The number of eggs laid varies

with the size of the female, ranging from 15,000
— 150,000. Histological studies have indicated

that mature, hard-shelled males were capable of

mating at all times.

As mating only seems to occur immediately
after the female molts to maturity, and this seems
to take place from January — April, a natural

closed season (ice cover) allows reproduction to

proceed undisturbed in the study area. The data

EARLY LIFE HISTORY OF
MYTILICOLA ORIENTALIS MORI

Don E. Weitkamp and Albert K. Sparks

College of Fisheries

University of Washington
Seattle, Washington

and
U. S. Department of Commerce

National Oceanic and Atmospheric Administration

National Marine Fisheries Service

Gahvston, Texas

The free-living and first two parasitic stages of

the bivalve parasite, Mytilicola orientaJis, were

reared and described. The first four larval stages

are nauplii which metamorphose to a copepodid
at the fifth larval stage. Experiments using blue

mussels, Mytilus edulis, as a host showed the first

copepodid to be the infestive stage. Second

copepodid and other later stages were recovered

from artificially infested mussels. The method of

infestation, the location of larval parasites with-

in the host and possible effects on the host are

discussed.

BLACK SPOT GILL DISEASE OF
PANDALUS BOREALIS

Paul Yevich and Ronald G. Rinaldo

Department of Sea and Shore Fisheries

West Booth Bay Harbor, Maine

The incidence of black spot disease was deter-

mined for shrimp, Pandahts borealis, collected

from various stations in the Gulf of Maine over a

4-year period. Throughout the 4 years, the male

and transitional infestation levels have increased;

female infestations, particularly at peak level,

have decreased. The histopathology of black spot

disease includes a destruction of gill lamellae and

a chitinous growth over the damaged gill tissues

which produces a macroscopic black spot. The
causes of the initial changes in the gill tissue are

unknown at the present ime. This disease has not

been previously described in the literature.
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GEOGRAPHIC DISTRIBUTION OF THE NORTHERN SHRIMP,
PANDALUS BOREALIS KR. (CRUSTACEA, DECAPODA)'

B. G. Ivanov

ALL-UNION RESEARCH INSTITUTE OF MARINE
FISHERIES AND OCEANOGRAPHY (VNIRO)

MOSCOW, U.S.S.R,

ABSTRACT

Pandalus borealis is an amphiboreal species of Pacific origin. Water current and

distribution patterns of the shrimp are similar in the Atlantic and Pacific Oceans.

P. borealis abounds at many different depths and temperatures throughout its

range which suggests that these factors are of minor importance. The structure of

water masses and presence of muddy substrates are of major importance in con-

centrating the species. High temperatures in southern waters limit distribution

possibly by hyperaccelerating sexual development. Pandalid shrimps are protandric

and this condition seems to prohibit their inhabiting shallow, tropical waters. Popula-

tions show different reproductive capacities by areas and are mapped.

The northern shrimp, Pandalus borealis Kr., is

an amphiboreal species of Pacific origin and in-

habits the northern latitudes of the Atlantic and

Pacific Oceans. It penetrated the Atlantic Ocean

through the American sector of the Arctic during

the Pliocene epoc when the Bering Strait was

deeper (150-300 m) and the climate was much
warmer (Nesis, 1961). The available data are in-

sufficient to confidently separate Atlantic and
Pacific subspecies.

Distribution Patterns

The water current patterns and shrimp distribu-

tion patterns in the Atlantic and Pacific Oceans

are similar. Northern shrimp occur farther south

along western than eastern coasts (Fig. 1). The
more northerly distribution of P. borealis in the

Atlantic sector of the Arctic than in the Pacific

sector is explained by the greater water exchange
between the Atlantic and Arctic Oceans.

Distribution by Depths
P. borealis is recorded from depths of 9-1450 m.

The wide range of depths, however, is of less in-

terest to the biologist than defining the depths of

greatest abundance (Table 1) but these also vary

I This is a summary version of a paper prepared
for publication in Trudy vses. nauchno-issled.

morsk. ryb. Khoz. Oceanogr., 1972.Inst.

throughout the range of this species. Depth in

itself, then, is not an important factor. Muddy
bottoms and characteristics of water mass struc-

tures seem to be more useful in locating concen-

trations of the shrimp.

Distribution by Temperature
P. borealis has been collected from waters of

-1.92 to -(-11.93°C,
but more often at temperatures

of 1 to 8°C (Table 2). Concentrations are found

in this latter temperature range and in the zone

of mixing of two water masses rather than in a

zone where temperature is at some narrow optimal

range (Ivanov, 1967). Concentrations vary greatly

with temperature throughout their range, which

may mean that the shrimp locate where feeding

is best.

Low temperatures in the northern latitudes in-

hibit growth and maturation and are lethal to

eggs and even to adults (Horsted and Smidt,

1956). Predominance of males and the late change

of sex in the northern populations seem to in-

crease the tolerance of early stages to low tem-

peratures (Geodakyan, 1965).

The mechanisms by which high temperature

limits the distribution of P. borealis were not re-

vealed in general. Possibly one unfavourable

effect of high temperature in southern popula-

tions is a hyperacceleration of sex development

(a male phase is omitted) which theoretically
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FIG. 1. The geographic distribution of Pandalus borealis fl

2 — occasional records).

numerous records;

may result in the scarcity of males. We believe,

then, that protandry is unfavourable for the

penetration of pandalids in warm subtropical and

tropical shallow-waters because of hyperaccelera-
tion of sexual development.

Population Types
P. borealis populations self-propagate most

effectively in regions with favourable tempera-
tures, grounds, and circular currents. The highest

concentrations of these shrimps are found in

fjords, bays and off islands and the populations

can be considered independent (i.e., the abundance

of the shrimp can be completely supported by

self-propagation). In the open sea and along the

continental slope, recruits to the populations ap-

pear to be derived partly from self-propagation

and partly at the expense of the independent
coastal populations. As such, they are considered
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TABLE 1. Distribution of Pandalus borealis Kr. by depths in different regions.
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TABLE 2. The temperature
different part of the area.

B. G. IVANOV

characteristics of environment of Pandalus borealis Kr. in

Region
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FIG. 2. A schematic location of populations of P. borealis differing in their reproductive

capacities.
1 — independent population;
2 — supposed independent populations;
3 — half-independent populations;

Jf
— supposed zones of sterile expatriation;

5 — zones of sterile expatriation.

(types of populations are of Beklemishev, 1960).
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DISTRIBUTION AND DIEL CHANGES IN THE BEHAVIOR
OF PINK SHRIMP, PANDALUS JORDANI ,

OFF OREGON
William G. Pearcy

OREGON STATE UNIVERSITY
CORVALLIS, OREGON

ABSTRACT

Beam trawl catches of piyik shrimp (Pandalus jordani) during the daytime always
exceeded catches at night at the same station during two cruises in 1969 and 1970.

Diel differences also occurred in the size composition of shrimp. Females larger

than 20 7nm carapace length composed a larger percentage of the night than the

day catches. The proportion of males, on the other hand, decreased in beam trawls

made after dark. Thus, males showed a greater tendency to migrate off the bottom

at night than females.

Migratory behavior was further substantiated by the fact that shrimp were

caught in all of the midwater trawl collections during the nighttime but in none

of the daytime collections.

An underwater camera was used to photograph shrimp at a station off Cape
Foulweather in 1971. In general, both photographs and beam trawl catches indicated

a high density of small shrimp, averaging 7 to 15 individuals per m^.

The results of plankton net tows in April suggested that postlarval shrimp were
most abundant near the bottom.

INTRODUCTION

The major objective of this study was to learn

more about the distribution of the pink shrimp,
Pandalus jordani Rathbun, 1904, especially day-

night differences in their behavior off the Oregon
coast. It is known to undertake diel vertical

migrations, swimming off the bottom during hours

of darkness. Larger catches have been reported
in midwater pots and trawls at night than day,
and larger catches in bottom trawls during day-

light than nighttime (Milburn and Robinson, in

press; Pearcy, 1970; Schaefers and Johnson, 1957;

Alverson, McNeely and Johnson, 1960; Tegelberg
and Smith, 1957).

METHODS

The main area of study, located off Tillamook

Head, includes the stations routinely sampled for

pink shrimp by the Fish Commission of Oregon
(Fig. 1). This area was sampled during cruises

in October 1969 and April 1970.

Shrimp were collected from the R/V CAYUSE
operated by the Oregon State University, Depart-

ment of Oceanography and from the M/V SUN-
RISE operated by the Fish Commission of Oregon.
The CAYUSE used a 3 m x 1 m beam trawl having
a 12 mm (stretch) mesh throughout, during day
and night periods. Odometer wheels mounted on

the beam ends of the trawl provided estimates of

the area trawled. The SUNRISE used a 12 m (41

foot) semi-balloon Gulf trawl with a 29 mm
stretch mesh in the body and a 12 mm liner in

the codend. Daytime trawls were made by the

CAYUSE and the SUNRISE simultaneously at

the same station.

A 3-meter Isaacs-Kidd midwater trawl was used

to sample pelagic shrimp during the October

CAYUSE cruise. Oblique tows were made to about

one-half the depth of the water column. On the

April 1970 cruise 0.7 m diameter bongo nets

(0.571 mm mesh) were towed to collect pelagic

young. Horizontal surface tows and oblique tows

(to about one-half the depth of the water column)

were made. In addition, a plankton net (0.571

mm mesh) with a 35 x 35 cm mouth was mounted
on the beam of the beam trawl. This device

sampled continuously but most of the water

15
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MUD
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FIG. 1. Location of sampling during October 1969

and April 1970 cruises. Numbers and solid circles

designate the Fish Commission of Oregon's
statiotis. Open triangles designate locations of

midwater trawl collections during the 1969 cruise.

The sediment types are based on the data of

Runge (1966).

(2) Diel differences occurred in the average
size of shrimp captured. The number of

shrimp per unit weight (No./lb.) was larger,

or, average size was smaller during the day
for all stations in October and for all but

one in April.

These two trends suggest diel changes in

the availability of both the number and size

of pink shrimp that may be explained by
a higher proportion of small than large

shrimp migrating vertically off the bottom

during the night.

(3) The average size of shrimp caught by the

beam trawl was consistently larger than

those caught by the Fish Commission's

shrimp trawl during the October cruise; but

during the April cruise the opposite trend

was evident. In general, a larger average
size would be expected in the larger shrimp
trawl with larger mesh size in the body. The
differences found in October were there-

fore unexpected. During this cruise perhaps

large shrimp were closer to the bottom
where the beam trawl sampled, and smaller

shrimp which were higher off the bottom

were sampled more effectively by the large

shrimp trawl.

filtered was about one meter off the bottom.

Sediments were sampled with a multiple corer

and Smith-Mclntyre grab on the first cruise only.

Water samples for oxygen and salinity deter-

minations were obtained in October from a water

bottle mounted on the grab and in April from
a benthic water sampler.

In addition to the cruises off Tillamook Head,
a cruise during April 1971 used a 35 mm EG & G
Underwater Camera to photograph pink shrimp
off Cape Foulweather, Oregon. The camera was

tripped when a weight suspended three meters

below the camera contacted the bottom; at this

distance each photograph included an area of

about 5.9 m^ Beam trawl samples were also

obtained at camera stations.

RESULTS

Day-Night Differences in Beam Trawl Catches
The beam trawl catches, summarized in Table 1,

indicate the following differences:

(1) Day catches of pink shrimp exceeded night
catches at all stations on both cruises. For
October the average daytime catch was 2.3

shrimp/m^ vs. 0.01/m'' for the night catches.

For the April cruise, day catches averaged
2.2/m^ vs. 0.10/m^ for night catches.

NIGHT SAMPLES

FIG. 2. Average size-frequency histograms for

pink shrimp caught in beam trawls, October 1969.

Males, transitionals (T) and females are shown

separately.
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TABLE 1. Catches of pink shrim]} in the beam trawl during day and

night periods at Fish Commission Stations during the cruise of

October 1969 and April 1970. Data are included on the No./pound
caught in the Fish Commission of Oregon's (FCO) shrimp trawl for

comparative purposes. (Two values for any station are for two

separate collections.)

10-15 Oct. :
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TABLE 3. Number of juvenile P. jordani per 10^ m^ collected

in (A) surface and oblique bongo net tows. (The two values

are for each of the tivo nets ivhich are towed simultaneotisly

during a tow.) and (B) the plankton net attached to the

beam trawl. Vohime of water filtered for the beam trawl net

was estimated for the total tow from the odometer readings

and total time of toiv and time on the bottom.

___

Lat
Location

N Long W
Miles No./103m3

Offsliore Surface Oblique

45-58.5
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FIG. 3. Average size-frequency histograms for

pink shrimp caught in beam traivls, April 1970.

Males, transitionals (T) and females are shown
separately.

Although only a few bottom photographs were
obtained at night, most revealed no shrimp. The
number of shrimp averaged less than one per m^
much lower than the densities found during day-
time (Table 4). In several photos shrimp were

photographed swimming off the bottom. Apparent-
ly many of these male shrimp migrated off the

bottom at night, corroborating trends revealed by
net collections.

FIG. 4. Photograph showing pink shrimp on the

bottom, 27 April 1971, 1:15 PM, 160 m off Cape
Foulweather. The density of shri7np in this photo
(not all shown) is about 9/m-. Note the orienta-

tion of individuals toward the north (arrow of

compass), the usual direction from which bottom

currents flow off Oregon.
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EXPERIMENTAL TECHNIQUES FOR PRESERVING DIATOMS USED
AS FOOD FOR LARVAL PENAEUS AZTECUS'

Ausbo7j Brown, Jr.

NATIONAL MARINE FISHERIES SERVICE BIOLOGICAL LABORATORY
GALVESTON, TEXAS

ABSTRACT

The diatoms Skeletonema costatum and Thalassiosira sp. were jreezedried and

fed to larval brown shrimp, Penaeus aztecus, being reared to first stage viysis

fro7n first stage protozea. Feeding levels ranged from 100,000-1,000,000 cells/ml.

Both diatoms were also frozen, either in the presence or absence of the pro-

tectants glycerol and dirnethyl sulfoxide. Frozen Skeletonema was suitable ivhen

frozen in the presence of protectants; Thalassiosira supported good growth of larval

shriinp lohen frozen alone or with protectants.

Although neither frozen nor freeze-dried foods ivere as good as live diato7ns at

equal concentrations, these foods may be used supplementally to eliminate complete

dependence on live algal cultures.

INTRODUCTION

The shrimp culture methods practiced at the

Galveston Biological Laboratoiy have been dis-

cussed by Cook and Murphy (1966, 1969), and
recent improvements have been reported by Mock
and Murphy (1971). Briefly, gravid female shrimp
are obtained from offshore and brought into the

laboratory for spawning. Spawning usually occurs

within 24 hr and the shrimp which hatch subsist

through the naupliar stages on the stored yolk in

their bodies. After an additional 36 hr, however,
the larvae have molted to the protozoeal stage and

require algal food. Algal cultures must be started

several days prior to the acquisition of the gravid

shrimp so that the mass cultures reach maximum
cell numbers just before the larvae begin feeding.
A number of different algae have been used

successfully as food for larval shrimp. Cook and

Murphy (1969) used Skeletonema costatum, Thal-

assiosira sp., Cyclotella nana, Phaeodactylum sp.,

Tetraselmis sp., Gymnodinium splendens and
Exuviella sp. Ewald (1965) in rearing Penueus
duorarum fed a mi.xture of unicellular algae, in-

cluding Dunaliella tertiolecta, Tetraselmis sp..

Phaeodactylum tricornatum and Chlorella sp.

Hudinaga (1942) working with Penaeus japonicus
fed S. costatum and Nitzschia closteriurn.

Although a large number of algal species may
possi'rly be used as larval food, only a few have
been cultured in quantities and concentrations suf-

ficient for large numbers of larvae. Skeletonema

costatum is the species most frequently used at

the Galveston Biological Laboratory. Cook and

Murphy (1969), however, experienced difficulties

in culturing S. costatum when sea water was used

as the basic culture medium. Mock and Murphy
( 1971 ) indicated some of the problems in the

culture of large quantities of iS. costatum and
noted the development of a more dependable cul-

ture medium consisting of tap water and Instant

Ocean salts. ' 3

To decrease our dependence on the correct

timing of algal cultures, techniques of freeze-dry-

ing and freezing are being investigated as pos-

sible methods of preserving diatoms. The freeze-

drying process was applied to biological material

by Shackell in 1909 and further developed as a

I Contribution No. 330 from the National Marine
Fisheries Service Biological Laboratory, Galves-

ton, Texas.

2 Instant Ocean R — Aquarium Systems, Inc., 1450

E. 289th St., Wickliffe, Ohio.

3 Trade names referred to in this publication do

not imply endorsement of commercial products.
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technique by Flosdorf and Mudd in 1935 (Flos-

dorf, 1954). From these initial experiments, dry-

ing by sublimation has developed into the most

widely used technique for preservation of bio-

logical materials such as blood plasma, blood

products, micro-organisms and pharmaceuticals.
Freeze-dried naked flagellates such as Isochrysis

galbana and Monochrysis hitheri were successful-

ly fed to various molluscan larvae (Loosanoff,

1962; Hidu and Ukeles, 1962).

In 1949 and 1959, respectively, the freeze-thaw

protective agents glycerol and dimethyl sulfoxide

(DMSO) were introduced, greatly increasing the

interest in freeze preservation of cells (Sher-

man, 1964). The mechanisms by which these

agents afford protection are not completely under-

stood. It is certain, however, that the colligative

properties, including (1) decrease in eutectic

freezing point; (2) facilitation of super-cooling;
and (3) salt buffering, are involved (Sherman,
1964). Protection from low temperature is also

afforded to the cells by the ability of these neutral

solutes to prevent excessive concentrations of

electrolytes during freezing (Lovelock and Bis-

hop, 19591. Lovelock and Bishop (1959) further

reported that DMSO had certain advantages over

glycerol. Smaller volumes and shorter pretreat-
ment times were required with DMSO than with

glycerol because DMSO penetrated the cells

faster.

In the present paper, freeze-drying and freezing
(with and without protectants) were investigated
for the purpose of preserving diatoms on a short-

term basis to eliminate our dependence on live

algal cultures in feeding larval shrimp.

A laboratory freeze-dryer was used in the initial

experiments. This freeze-dryer required the addi-

tion of dry ice and acetone throughout the opera-
tion. The diatoms were dried either in flasks or

directly in the clarifier bowl of the Sharpies cen-

trifuge. In subsequent work, the use of an auto-

matic, mechanical refrigerated freeze-dryer great-

ly increased our capacity to freeze-dry diatoms.

The diatoms were stored frozen until they were
reconstituted for feeding.
The same techniques of concentration were

used when the diatoms were frozen. After con-

centration, diatoms were either frozen immedi-

ately, or were suspended in 1-2 ml of a 0.1 '^'r solu-

tion of glycerol or DMSO and then frozen at

temperatures between -12°C and -20°C.

Experiments were conducted in three sizes of

containers: 940-liter tanks simulating hatchery
conditions; 1000-ml beakers aerated and held in

constant temperature rooms; or 250-ml beakers
held in shaking water-baths.

The ratio of number of larvae to water volume
was approximately one larva per 6 ml of medium
regardless of container size. Thus there were
128,000 larvae in the experimental 940-liter tank
and 139,000 in the control tank. The 250-ml

beakers, containing 150 ml of sea water, were
stocked with 25 larvae, and the 1000-ml beakers,
with 900 ml of sea water, had 150 larvae. Mortality
in the tanks was estimated from daily aliquot
counts. The animals in the small beakers were
counted and transferred to fresh water daily,
while larvae from one of the eight 1000-ml beakers

prepared for each condition were removed daily
and preserved for later counting.

MATERIALS AND METHODS

The survival of the larval stages of the brown
shrimp iPenaeus aztecus) from first stage pro-
tozoea to first stage mysis was used in most ex-

periments to evaluate the usefulness of freeze-

dried and frozen diatoms as larval shrimp food.

With the exception noted below experiments were
carried out at 27-28°C and salinity of 30%o. Larval

shrimp were obtained from the hatchery at the

Galveston Biological Laboratory.
The diatoms, S. costatum and Thalassiosira sp.,

were cultured according to the techniques de-

veloped at the Galveston Biological Laboratory
by M. Alice Murphy (personal communication).
Diatom cultures were harvested and concentrated

by one of three methods prior to freeze-drying.
The Sharpies centrifuge was used to concentrate
the diatom cultures when volumes of more than
a few liters were involved, and either a clinical

centrifuge or a vacuum filter apparatus was used
to concentrate cultures of smaller volumes.

RESULTS

Skeletonerna as a Food Organism
Freeze-dried vs. live food

In a preliminary experiment simulating con-

ditions in the shrimp hatchery, 45':'f of those

larvae fed only freeze-dried food survived 7 days
to become first stage mysis. For the first 2 days
of the experiment survival of animals fed live

and freeze-dried food was similar (Fig. 1). On
the third day, however, larvae fed live food began
to die. Deaths were attributed to a combination
of reduced temperatures and the effects of large
volumes of culture medium. Algal cultures at this

time were being grown at temperatures of 20-22°C

(6-8°C below that of the larval culture) and cell

concentrations were relatively low. To feed the

desired number of algal cells it was necessary to

remove 250-300 liters of tank medium each day
and replace it with an equal volume of the cold

algal culture.

Although temperatures in the control tank
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were tested, all larvae fed the frozen Skeletonenia

without a protectant died (Fig. 3). Larvae fed

the frozen diatom treated with either 0.1%

glycerol or 0.1% DMSO survived almost as well

as larvae fed live food. This suggests that these

protectants may improve the food quality of

frozen Skeletonenia.

Thalassiosira as a food organism
Freezedried vs. live

Cook and Murphy (1969) suggested on the basis

of limited feeding tests that Thalassiosira was
more satisfactory as a food for lai^val shrimp than

Skeletonema, and that Thalassiosira should be fed

at lower cell densities. As with Skeletonema, how-

ever, survival to the mysis stage of larvae fed

freeze-dried Thalassiosira was less than that of

larvae fed live Thalassiosira at equal concentra-

tions or at double concentration (Fig. 4).

Frozen vs. live food

During this study survival on frozen Thalas-

siosira was better than on frozen Skeletonema.

100

CELLS /ML (xlQ-')

FIG. 4. Survival to the mysis stage of P. aztecus

larvae fed live and freeze-dried (F-D) Thalas-

siosira in three exjieriments, A. (1000 inl) B. (1000

ml) C. (250 ml).

CONTROL I %
DMSO

I %
(^1 YCFROI '-' ' '"

LIVE LIVE LIVE FROZEN

CELLS/ML

FROZEN

(xlO^)

FIG. 5. Survival for 7 days of P. aztecus larvae

fed live or frozen Thalassiosira at a concentration

of 10^ cells/m,l with and without protectants.

The addition of protectants did not significantly

improve the survival of larvae fed frozen Thalas-

siosira (Fig. 5). To test the effects of the pro-
tectants themselves, protectants were added to

live algal cultures in concentrations equal to that

present in the reconstituted suspension fed to

larvae. There was no indication of effects result-

ing from use of the protectants (Fig. 5).

DISCUSSION

The difference in sui^vival between groups, (see

Fig. 4A, B and C) of shrimp treated identically
is a fundamental difficulty in experiments of the

type reported here. The researcher is limited by
the periodic availability of larvae and the inherent

difference between groups of eggs from females
obtained at different seasons, under vai-ying con-

ditions at sea, etc. For these reasons it is only
possible to make comparisons between groups of

animals tested simultaneously. As shown in

Figures 1 and 2, survival of larvae fed live

Skeletonema varied from to 84% ; that of animals
fed live Thalassiosira between and 90%. In spite
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of this variability, certain conclusions can be

made.
Neither of the freeze-dried diatoms was com-

pletely adequate as a substitute for live food.

Nevertheless, the ability of the freeze-dried food

to support at least half the survival observed

with the animals fed live diatoms suggests that

algae preserved using this technique could be

used for supplementary feeding, reducing the

requirement for such carefully timed algal pro-

duction.

Simple freezing of the diatoms has advantages
over freezedrying in both cost and simplicity.

Much work remains, however, in elucidating
effects of both techniques upon the algae them-

selves as well as upon the larval shrimp. For

example, Holm-Hansen (1963) found differences

in survival of algae depending upon freezing rate.

Although no data are presently available concern-

ing the nutritive value of Skeletonema and Thalas-

siosira frozen at different temperatures or at dif-

ferent rates, there are indications that a small

percentage of these frozen diatoms may survive

(C. R. Mock and B. R. Salser, personal communi-
cation). The use of protectants in freezing as well

as freeze-drying also needs further study, since

these agents appeared to affect the two algal

species in different ways.
The long-range physiological effects upon larval

shrimp of added agents such as protectants also

need more detailed evaluation. Larvae fed

Thalassiosira fi'ozen in the presence of protectants
survived at rates of 75% to third stage protozoea,
but less than 10% were able to survive the molt
to mysis. In contrast nearly all surviving pro-
tozoeae fed frozen Skeletonema in the presence of

protectants were able to complete development to

mysis stage.

The interactions of these factors — effects of

freezing on the algae, the effects of the food upon
the physiological condition of the larvae, and the
value of various algal species as larval foods —
are presently being evaluated in the shrimp
hatchery at the Galveston Biological Laboratory.
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ABSTRACT

The diel vertical migration of the phyllosoma stage of the spiny lobster

Panulirus ssp. (Latreille) on the West Florida Shelf is quite shallow and strongly

influenced by physical environmental parameters such as thermocline topography.
Most migration occurs in the upper 25 m of the water column. Phyllisoma are found
in the northeastern Gulf of Mexico from June through November in water of 2lfS0°

C. Analysis of historical current data for the North Atlantic, Caribbean and Gulf

of Mexico suggests that South America is the likely source of the Florida spiny

lobster population.

INTRODUCTION

The spiny lobsters Panulirus ssp. (Latreille)

is one of the most important shellfish commer-

cially taken in the tropical-subtropical western

Atlantic Ocean and Caribbean Sea. Nilmerous

studies addressing themselves to the biology and

fisheries of these species have been published dur-

ing the past 20 years and many of these have been

reviewed by Sims and Ingle (1966), Since it has

a prolonged larval "phyllosoma" stage of 6-11

months (Sims and Ingle, 1966) it does not lend

itself well to mariculture (Ingle and Witham,
1968) and future fisheries of the Florida spiny
lobster will undoubtedly continue to depend upon
those taken from the sea.

Sims and Ingle (1966) have discussed the prob-

lem of the Florida spiny lobster recruitment, and

concluded from their larval collections and from

published physical oceanographic studies that

the western Caribbean was a primary source for

the Florida population. Recent advances in plank-
ton gear technology and synoptic data collection

have produced additional information with re-

gard to this planktonic recruitment for the

populations on the West Florida Shelf.

The State University System of Florida In-

stitute of Oceanography, during the period June,

1969 through June, 1970, sponsored an environ-

mental survey of that region of the West Florida

Shelf known as the Florida Middle Ground. 28°30'

N. Lat., 84°15'W. Long.

METHODS

The Middle Ground survey consisted of 1) a

monthly 36-48 hour anchored time series (depth:

30 m) and 2) a plankton-hydrographic transect

from the 20 m isobath across the Middle Ground

to the 200 m isobath. A detailed description of the

sampling" methods is given by Austin £md Jones

(1972)1.

In May, 1970 an eight ship quasi-synoptic

oceanographic experiment (designated EGMEX)
was initiated encompassing the entire eastern

Gulf of Mexico (Rinkel, 1970). On the first cruise

(EGMEX 70-1) plankton samples were collected

on five of the participating vessels, and of these,

four were equipped with the nets described below.

These nets were towed at depths ranging from
the surface to 500 m.

In both the Middle Ground study and the

EGMEX 70-1 survey one-half meter square open-

ing, 200
fji

mesh nets were used. These were

equipped with four blade impeller flow meters.

All nets fished below the surface were operated
with a NISKIN opening-closing device (Nisken

and Jones, 1963). This device permits sampling

I Austin, H. M. and J. I. Jones. 1972. Seasonal

variation in bulk plankton on the Florida Middle

Ground and its relation to the water masses on
the West Florida Shelf. Report to Office of

Naval Research, 19 p. and 8 figs.

26
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MIDDLE GROUND IV (T-7013)

26-27 AUGUST, 1970

( 28'25'N^ 64"2rW)

FIG. 1. Vertical profile of phyllosoma standing

crop (No./lOOO M^ I during a 36-hour anchored
time station (0000 26 August to 1200 27 August
1970) on the Florida Middle Ground (28° 25'N 84°
21'WJ.

at a discrete depth without biological contamina-
tion during the down and up tow. The use of flow
meters permitted a quantitative estimate of the

number of phyllosoma per cubic meter of water
filtered.

Seasonal distribution patterns were determined

by averaging the standing crop values for each

depth sampled (0, 5, 10, 15 m» over the 24-48 hr

period.

RESULTS AND DISCUSSION

Eastern Gulf of Mexico
Sims and Ingle (1966) found few larvae in

their surface collections during the period 0700
to 1900. Most of their specimens were collected

from the deeper oblique tow (0-300 ft) at this time.

During the night they found the opposite to be

true, indicating a diel migration pattern; however,
due to the inherent inadequacies of an oblique
tow, no preferred depth could be established.

The close spacing of the nets and the 6 hr

sampling intervals employed in this study allowed
us to examine the vertical distribution of the

phyllosoma population.
The observed migratory range appeared to

be quite shallow and was strongly influenced by
the physical parameters. For example, maximum
concentrations were always found in the surface
waters at night, and these ranged from 38/1000m'=
in November to 677/1000m3 in August (Fig. 1).

In most cases the night collections (2000-0600)

showed the larvae to be present only in the sur-

face waters. At 1200 hours the phyllosomae were
more abundant at the 10-20 m level which suggests
that over the outer shelf they exhibit a very
limited diel vertical migration which is restricted
to the upper 15 m of the water column.
The data generated by the EGMEX 70-1 series,

while not as restricted, showed similar results in

the Yucatan and Florida Straits. Most phyllosomae
larvae were taken from the surface nets, and all

but one were collected from the upper 50 m, the

exception being one taken from 60 m in the
Florida Straits.

Two oceanographic features appeared to be
paramount in influencing the vertical distribution
of the phyllosoma; these were the thermocline
and current regime. At no time were phyllosoma
collected from within or below the thermocline.
At times when the thermocline depth was greater
than 25 m they were collected down to 20 m,
but when the thermocline shoaled to 15 m, none
were taken deeper than 10 m. The thermocline

topography on the Middle Ground is dependent
upon tide and current direction. For example,
when the current set was easterly, waters derived
from the Eastern Gulf Loop Current predominated
in the mixed layer (Gaul, 1967'; Austin, 19713;
Austin and Jones, 19720. And at these times large
numbers of larvae were collected from all of the
casts. When the set was to the west or south-
west waters from West Florida Estuarine Gyre
(Chew, 1955; Austin, 1970) predominated, and
at these times fewer phyllosomae were taken and
then from only 50^r of the net casts. This suggests
that the Loop Current is the main patriation
mechanism for the West Florida Shelf population.

In their discussion of currents Sims and Ingle
(1966) speculated that phyllosomae may be re-

tained in an area by their vertical migration
patterns due to differences in direction between
surface and subsurface currents. In view of the
fact that the vertical current profile on the West
Florida Shelf exhibits a marked shear across
the thermocline such a retention mechanism is

present but only over the Shelf, as recent studies

(Austin, 19713) show the circulation in the pelagic
eastern Gulf of Mexico and Florida Straits to be

directionally contiguous to the level of no motion
which varies between 800 and 1500 m. Since the

phyllosomae do not cross the thermocline their

migration then is entirely dependent upon the
surface circulation patterns. The areal distribu-

tion of such conservative properties as tempera-
ture and salinity have been shown to be excellent

^ Gaul, R. 1967. Circulation over the continental

margin of the northeastern Gulf of Mexico. Ph.D.

Thesis, Texas A&M University, College Station,
Tex. 172 p.

3 Austin, H. M. 1971. The characteristics and rela-

tionships between the calculated geostrophic
current component and selected indicator

organisms in the Gulf of Mexico loop current

system. Ph.D. Thesis, Florida State University,
Tallahassee, Fla. 369 p.
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FIG. 2. Surface distribution of phyllosoma stand-

ing crop (No./lOOO M^) in the eastern Gulf of

Mexico, EGMEX-70-1, May, 1970.

indicators of near shore surface circulation off

the West Florida Coast (Hela, 1956; Stakiv, igeS";

Austin, 19713).

The data collected here are insufficient to draw
definitive conclusions as to the temperature or

salinity tolerance levels; however, several in-

ferences can be drawn. No phyllosomae were
taken from water cooler than 24°C and few were
taken from waters warmer than 30°C. The waters
of the West Florida Estuarine Gyre are, during
the summer, warmer and less saline than the

pelagic waters of the Loop Current. On the Middle

Ground, during periods when the flow was from
the northeast, Estuarine Gyre waters predomin-
ated, few phyllosoma were collected. These in-

shore waters have been shown to support an in-

digenous planktonic fauna different from the off-

* Stakiv, E. 1968. The dependence of the circula-

tion in the gulf of Mexico upon the horizontal

distribution of surface temperatures. M. S.

Thesis, Florida State University, Tallahassee,
Fla. 55 p.

FIG. 3. Sea Surface Temperature from Aircraft

Radiation Thermometer Swvey and ship station

date, EGMEX-70-1, May, 1970 (from Austin, 1971).

shore Loop (Austin, 19713), which suggests that

pelagic plankters such as the phyllosomae can-

not tolerate the neritic waters of the West Florida

Estuarine Gyre for any length of time.

These inferences were supported by the EGMEX
70-1 survey in May, 1970. Figure 2 depicts the

areal distribution of the phyllosoma in the sur-

face waters. Note the close correlation to the

field of the isotherms (Fig. 3) and geostrophic

current component (Fig. 4). The larvae north-

east of the Yucatan Peninsula are being trans-

ported northward into the Gulf, and those in the

Florida Straits to the west via ti\e Florida Straits

Counter Current (Austin, 19713). Their vertical dis-

tribution in the Yucatan Channel (Fig. 5) shows

that they are generally found within the North-

ward flowing velocity core. From these data it

would appear that the recruitment is seasonal,

occurring only during the months of June through

early November. The averaged standing crop

values for each month on the Middle Ground

are presented in Figure 6, indicating a restricted

seasonal recruitment potential which only occurs

between June and November.
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FIG. 4. Vertical profile of geostrophic current in

the Yucatan Channel, EGMEX-70-1, May, 1970

(from Austin, 1971). Velocity in cm/sec.

Florida Recruitment

Analysis of current data from the Caribbean

(Wust, 1964), Gulf of Mexico (Leipper, 1971), and

North Atlantic (U. S. Naval Oceanographic Office,

1965), when considered in relation to the problem
of the long planktonic stage of the phyllosoma,

suggests several interesting problems related to:

1) Reproductive potential of the Florida spiny

lobster.

Phyllosoma spawned in Florida do not provide

recruitment for any other North American popula-

_ 100 m

YUCATAN

400

FIG. 5. Vertical profile of phyllosoma standing

crop in the Yucatan Channel, EGMEX-70-1, May,
1970.
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FIG. 6. Vertical profile of averaged seasonal phyl-
losoma standing crop (No./1000 M^) on the

Florida Middle Ground.

tion. At the end of their planktonic existence (if

spawned during the spring) they can cross the

North Atlantic Ocean in 6 to 9 months, possibly

providing recruitment for the Northwest African
Coast.

2) Fate of the Florida phyllosoma larvae.

Phyllosomae spawned in Florida waters during
late summer, fall or winter when the waters are

warmer than 23-C are transported via the Florida

current and the Gulf Stream to more northerly

regions where temperatures are much cooler

(<18°C). Data collected in our study indicate

that such temperatures will not support the

larvae.

3) Source of the Florida Populations.
Sims and Ingle (1966) collected post-larval lobster

in Florida during April, June and August. It is

conceivable that these were spawned in Florida

11-13 months previously, crossed the ocean and

back, and metamorphosed in their "home"
waters. It is also conceivable that the larvae re-

turned to Florida after having circumnavigated
the Sargasso Sea and the waters adjacent to

Florida. However it is doubtful if this could be

accomplished within one year (if at all). A more

logical source for the Florida spiny lobster popula-
tion would be the northeast coast of South

America.

Sims and Ingle (1966) suggested that meso-scale

coastal eddies trap pelagic lobsters and hold them
for a period of months. Analysis of the data of

Wust (1964) and unpublished EGMEX data does

not provide evidence for any substantial coastal

eddies. It would seem then that the phyllosomae
observed by Sims and Ingle originated in the

southern Lesser Antilles or South America.

The implications of these problems, i.e., re-

productive potential, fate and source of the larvae,
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are large and call for close international coopera-

tion in the management of the spiny lobster

fishery. Additional studies should be conducted to

yield more precise answers to these problems.
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ADDENDUM

Following the acceptance of this manuscript a

Florida colleague expressed concern that possibly

not all the phyllosomes in the paper were

PanuUrus. He has indicated that the differences

between the larvae of the three spiny lobster

species and the five scyllarid lobster species are

subtle. This is quite possible. I know of no figures,

but I believe that over 95% of the adult spiny
lobsters in Floridian waters are P. argus. If the

larval ratios are different certainly a study should

be initiated to ascertain why. Furthermore, the

spawning season for the scyllarids in central west

Florida is mid-May through mid-August. The aver-

age larval period is nine months. It is incon-

ceivable that they could remain within the north-

eastern Gulf of Mexico during the winter (see

Fig. 6). Hence they cannot provide recruitment

for the northeastern Florida scyllarid population.

Regardless of the species (single or all eight)

in Figs. 1, 2, 5 and 6 the seasonal, spatial, and

vertical distribution of the phyllosomes remain

unchanged; as do my considerations of the Florida

spiny lobster population.
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ABSTRACT

Razor claiiis, in groups of ten, were exposed to icarmed seaivater for periods of

1, 2, 3 and If hours, then returned to ambient seaivater, in two series of experiments.
The seawater temperatures used in the first series were 20°C through 29°C in 1° in-

crements. Mortalities were recorded for a 48-hour period following exposure to the

experimental temperature. Mortalities began at 21°C with one clam dying after a

if-hour exposure. One-hundred percent mortalities occurred at 26°C after a If-hour ex-

posure, at 21°C after a 3-hour exposure, at 28""C after a 2-hour exposure, and at 29°C

after a 1-hour exposure. By inspection, LDso appears to range from about 22.5°C for

razor clams exposed Jf hours to about 27.5°C for razor clams exposed 1 hour to

warmed seawater.

The second series of experiments was conducted at 5°, 10°
,
15° and 20°C above

ambient temperature. Mortalities began (10%) after If hours exposure to seawater

10° above ambient. The LDso point ivas 11.2°C after if hours exposure, 1I,.1°C afier

3 hours exposure, lJf.3°C after 2 hours and llf.8°C after the 1-hour exposure.

INTRODUCTION

The increasing demand for electrical power and
the pressures to develop nuclear power plants are

rapidly becoming of major concern in the United

States. In turn, their need for cooling water has

created a crisis in biological research of thermal

effects on various freshwater and marine or-

ganisms as well as a controversy about the overall

effects of "thermal pollution" on local environ-

ments. Construction of a thermal nuclear power
plant has been proposed for Roosevelt Beach in

Grays Harbor county, Washington, in an open
beach environment having an extensive popula-
tion of razor clams. Siliqua patula (Dixon).

Novotny (1968) reported that a minimum of 20

nuclear-fueled thermal power plants will be con-

structed in the Pacific Northwest by 1990. Thermal
research has included measurement of physical

parameters of temperature rises at thermal dis-

charges, their effect upon plant and invertebrate

communities in the vicinity, and effects of tem-

perature shock on members of the benthic, in-

tertidal and plant communities. Davis (1969) said

that construction of exclusive or partial once-

through condenser cooling systems would increase

zones of elevated temperatures until some over-

lap to become one large zone.

The study of the effects ot elevated tempera-

tures on freshwater and marine organisms has

been widespread. North and Adams (1969) indi-

cated that where temperature is increased 10°F

(5.6"C) above ambient, cold water biota is absent

and many species considered to be warm-water

tolerant are adversely affected. Harnett and

Hardy (1969) observed no effects on the subtidal

bottom communities by the Hunterston generating

station, Scotland, although planktonic larvae

iTellina) acclimated at 14-15°C had an LD50 of

32.6-'C for a prolonged exposure. Some investiga-

tors conducted specific studies about the effect of

temperature upon bivalve molluscs.

Read (1969) studied heat stress of the mussel

Modiolus modiolus in a tide pool and found that it

survived 27.7°C, while Pearce (1969) found that

the bay mussel (Mytilus edulis) tolerated 24°C

for extended periods but normal byssal attachment

and movement was impeded at this temperature.
Brenko and Calabrese (1969) indicated that mus-
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sel larvae (M. eduJis) survived well at salinities

of 15 to 40 %o at temperatures from 5°C to 20°C

but survival was drastically reduced at 25°C,

particularly at high (40 %o) and low (20 %„)

salinities. An upper limit of temperature tolerance

was noted for M. ediilis by Wells and Gray (1960t

who stated that it was limited in southward dis-

tribution to a latitude having a summer water

temperature of about 80°F (26.7°C). Cronin (1968)

reported that if the summer water temperature
reached 87°F, one-half of the soft shell clams

(Mya arenaria) died during the following winter,

and if the water temperature reached 91 °F, one-

half of them died during the summer. Since little

is known about the razor clam's tolerance of

high temperature, it was subjected to elevated

temperatures in our laboratory.

METHODS

Mature razor clams (shell length 75 to 126 mm)
were collected prior to each experiment from

Long Beach in the area north of the Oysterville

access road. The clams, after excluding those with

broken shells, injured siphons, and shell-mantle

separations, were placed in a running seawater

holding tray. During the experiments, seawater

temperatures ranged from 5.0 to 11.6°C with a

mean of 8.1 C, while salinities ranged from 15.52

to 24.11 %o with a mean of 20.46 %„. Razor
clams were held a minimum of 48 hours in

ambient seawater and checked a second time

for condition prior to use. Control groups of

razor clams were maintained in the holding tray
without mortality throughout the experiment.
This was expected since razor clams have been

held in the laboratory for periods up to 8 months
with no mortality.

Experimental temperatures were maintained

at ±0.5°C in an insulated aquarium. Heated
seawater was introduced into the aquarium
at the rate of 57 liters per hour (limited by
heater output). Salinity, temperature, pH and
DO of ambient and experimental waters were
recorded. Temperatures for the first series

of experiments ranged from 20°C to 29°C in one

degree increments. Temperatures for the second

series were at specific levels above the ambient

temperature in 5°C stages (5°C, 10°C, 15°C, 20°C).

The experimental groups of razor clams were

placed directly into the heated water without

acclimatization.

Groups of 10 clams were exposed to the

elevated water temperatures for 1, 2, 3 or 4 hours,

then returned to ambient water. Observations con-

tinued for a 48-hour period following exposure,
then experiments were terminated. Mortality was
defined by flaccid siphon, foot, and adductor

muscle; mantle separated from shell; and no

reaction to mechanical stimuli by foot, tip of

siphon, adductor muscle or mantle papillae.

RESULTS

The first experiments (20°C to 29°C in 1° in-

crements) showed that mortalities began with

10% of the clams dying following a 4-hour ex-

posure at 21°C and gradually increased until 100%
were dead at 27°C following a 3-hour exposure.

By inspection, the LDso point was 22.7°C after

the 4-hour exposure, 24.6°C after 3 hours, 25.6°C

after 2 hours and 27.6°C following a 1-hour ex-

posure. Results of these experiments are shown
(Table 1, Fig. 1).

The second series of experiments (5°C, 10°C,

IS^C, 20°C above ambient temperatures) gave
similar results. An equipment failure prevented

experiments at 5°C above ambient temperature
which would have completed the 4-hours exposure
series. However, there were no mortalities at 10°C
above ambient temperature for 1, 2 and 3-hour ex-

posures but 10% mortality occurred following
4hour exposure. By inspection, the LDso point was
reached at 11.2 'C following 4-hours exposure,
14.1°C after 3 hours, 14.3°C after 2 hours and
14.8°C after a 1-hour exposure. The difference be-

tween the LDso temperature point of the 4hour

exposure and the other three points which were

closely grouped (Fig. 2) was due to the actual

temperature maintained during these experiments.
The 10°C above ambient experiment was run

at 23.7-24.0°C, the 15^0 above ambient experiment
was at 27.2-27.7°C, while the 20°C above ambient

experiment was at 30.7-30.8°C, well above the

100% lethal point (Table 2).

TABLE 1. The percent mortality of razor clams

after Jf8 hours of observation following exposure
to wanned seawater for 1, 2, 3 and Jf hours at

temperatures from 20°C to 29° C.

Temperature
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20 21 22 23 24 25 26 27 28 29 30

EXPOSURE TEMPERATURE °C

FIG. 1. T/ie percent mortality of razor clams after

48 hours following exposure to warm water for

1, 2, 3 or If hours.

DISCUSSION

In experiments leading to this study, individual

razor clams (shell length 15 to 126 mm) were
held in a sand-filled aquarium and exposed to

25°C seawater for a period of 8 hours with 100%

mortality observed within 24 hours after exposure.
In the current experiments, sand-filled aquaria
were not available and all experiments were con-

ducted in water only. However, the range of lOOS'r

mortality levels which occurred indicated that

sensitivity of razor clams to warmed seawater

15 20

EXPOSURE TEMPERATURE- "C ABOVE AMBIENT

FIG. 2. The percent mortality of razor clams after

Jf8 hours following exposure to warm water for

1, 2, 3 and ^ hours.

was not affected by being held out of sand. The
most obvious thermal effects on the clams were
debilitated muscles which were unresponsive when

subjected to mechanical stimuli and extensive

mantle separation from the shell which occurred

in all cases of mortality. Mantle separation oc-

curred in the preliminary experiments using sand-

TABLE 2. The percent mortality of razor cZowis after Jf8 hours observation

following exposure to warmed seawater at 10° , 15° and 20°C above the

ambient temperature.

Temperature above
ambient
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filled aquaria as well as in the two series of

experiments reported here but did not occur

among surviving clams. The degree of mantle

separation that may be tolerated by the razor

clam was not investigated but this observation

suggests that future study of that effect would be

desirable.

There is a possibility that unknown mortalities

of razor clams occur in nature as a result of high
water temperature: midday low tide, no wind and
sunshine. However, such a combination of wind,
weather and tide occurs infrequently on ocean

beaches of Washington and resultant mortalities

would be difficult to verify, but could account for

some of the variations in razor clam populations
of Washington beaches.
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ABSTRACT

Adult horse clams, Tresus capax (Gould), were spawned in the laboratory using
strong thermal stimulation and water currents. Eggs were fertilized at 13°C and
the larval development followed; metamorphosis occurred at shell length 260-280 u,

(microns). Larvae were raised at temperatures of 5, 10, 15 and 20°C, using standard
bivalve larvae culture techniques. One hundred percent mortality occurred at 20°C,
but survival at the other teynperatures was excellent. At 15°C metamorphosis oc-

curred in 2Ji days, at 10°C in 26 days, and at 5°C iyi 3li days.

INTRODUCTION

Few studies have been reported on the horse

clam, Tresus capax (Gould), and most of these

have been taxonomic or ecological. In another

paper (Bourne and Smith, 1972), results of a

study on breeding and growth of this species in

southern British Columbia were described and

compared with those of other published reports.

However, no information was found in the litera-

ture on the larval development of this species,

although such knowledge is of importance in

ecological investigations. As part of the previous

study, a brief project was undertaken in 1969
and 1970 to study the larval development of this

clam and determine the effect of temperature on

development. Results of the observations are sum-
marized here.

METHODS

Adult clams were collected from Seal Island in

the Strait of Georgia of southern British Columbia
from late November to February, since other
studies had shown that adult horse clams were
sexually mature at this time (Bourne and Smith,
1972). The animals were held in tanks in the

laboratory at ambient temperatures and salinities

which varied from 5-10-C and 27-29%o.

Spawning was induced within 3 hr of stimula-
tion which consisted of strong thermal stimula-
tion (temperature range of 5-22°C), along with a

strong flow of water over the animals. The
gonads were not emptied during any one spawn-

ing and, after the clams were returned to the

conditioning tanks, they could be induced to

spawn repeatedly during the ensuing 3 or 4 weeks.

When spawning began the clams were trans-

ferred to tanks with filtered, ultraviolet treated

seawater at 13°C, and they were allowed to con-

tinue spawning. Eggs from three females were
siphoned from the dishes, washed, fertilized at

13°C, and allowed to remain at this temperature
for 48 hr at which time they had developed to the

veliger stage. The 48-hr larvae were filtered, re-

suspended in water and placed in glass and

plastic tanks which contained 10 liters of water.
The culture method used was a slight modification
of the one described by Loosanoff and Davis
(1963) for raising bivalve larvae; the water was
changed three times weekly and the larvae were
fed equal quantities of Isochrysis galbana and
Chaetoceros calcitrans at approximately 8000

algal cells per larva per day. Initial larval con-

centration in the tanks was 20/ml of water and
for convenience was gradually reduced to 7 per
ml at time of settlement.

Larvae were raised at four temperatures of 5,

10, 15 and 20°C ± 1°C. Experiments were carried

out twice at 10 and 15°C but only once at 5 and
20 '^C. Larvae were raised in duplicate tanks at all

temperatures. Ambient salinities, which varied

only slightly from 28%o (27%o-29%„), were used

throughout the experiments. A random sample of

larvae was taken twice weekly and the shell

length and height of 50 larvae were measured to

the nearest 5
fi.
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A

80x65
B

100x80
C

120x100

H

200x180
I

240 x220 260x240

FIG. 1. Different stages in the larval development of Tresus capax from the early straight hinge stage
(A) to the 7netamorphosis stage (J). Measurements are in microns; the first figure is shell length, the

second shell height.

RESULTS

Larval development
The rounded eggs had a diameter of 60-70

jx.

The head length of the sperm was 3.2
fx,

and the

tail length about 30
fju.

Polar bodies developed
within 40 min after fertilization and the first

cleavage took place 50 min later. Trochophore
larvae were observed 24 hr after fertilization; and
after 48 hr the larvae were in the straight-hinge

stage. The smallest straight-hinge larvae measured
75 u shell length and 65

fj,
in height, but most

were 80 by 65 u (Fig. 1). Umbones were evident

in larvae with a shell length of 140-150
jj.

and the

foot was prominent in larvae 210-220
fi long.

Larvae of shell length 230-250
fj, interspersed

short periods of swimming with longer periods

of crawling on the foot and metamorphosis oc-

curred when the larvae were between 260-280 u
shell length. In the present experiments metamor-

phosis was considered to occur at a shell length of

260
H-

Larval development of T. capax is simUar to

that of other mactrid clams. Sullivan (1948) found
the minimum size of straight-hinge larvae of

Mactra (Sjrisula) solidissima was 95 by 80 a, but

Loosanoff, Davis and Chanley (1966) reported
the minimum size was 80 by 65

fj,,
similar to our

findings with T. capax. They reported settlement
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FIG. 2. Growth of Tresus capax larvae, spawned
n March 1970 and raised at three temperatures.
Each dot represents the mean shell length of 50

larvae.

Growth at 5°C was much slower than at the
other two temperatures. A mean shell length of

260
fi,

was not reached until about 34 days after

fertilization: a mean daily shell length increment
of 5.4

|Lt.
The initial larval growth at this tempera-

ture was slow and may have resulted in part from
too brief an acclimation period between the
fertilization and experimental temperatures.

Survival from the straight-hinge stage to

metamorphosis in all tanks was excellent and
mortalities amounted to less than 107f.

The growth rate of T. capax larvae is similar

to that reported for some other mactrid clams.

Loosanoff et al. (1966) found settlement of S.

solidissima occurred in 19 days when raised at

22°C and in 35 days when raised at 14°C. Kan-no
(1965) reported settlement of S. sachalinensis

larvae in 22-28 days at water temperatures vary-

ing from 18-26.1°C, a mean of 21.8"'C.

at shell length 270
fj.

as did Sullivan, which is

also simUar to the present results. Imai,

Hatanaka, Sato and Sakai (1953) and Kan-no
(1965) found that settlement of Mactra sachal-

inensis occurred at shell length 270-280
fj..

Met-

amorphosis of T.' capax, however, occurs at a

smaller shell length than what Jorgensen (1946)

reported for S. subtruncata (400 u' or what Rees

(1950) reported for S. solida- (360 ^) and S.

elliptica (355
fi).

Effect of temperature on larval developineyit
Larvae held at 20°C were all dead after 4 days

exposure to this temperature. In a preliminary
experiment to those described here, few straight-

hinge larvae were obtained when fertilization

was carried out at 18°C, although survival to the

straight-hinge stage was excellent when fertiliza-

tion was carried out at 13°C.

Larval growth was fastest in those cultures

held at 15°C (Fig. 2). The points on this graph
represent the mean shell length of 50 lai-vae; the

lines have been fitted by eye. Initial mean shell

length of larvae in all tanks was 87 ^ two days
after fertilization, when they were first exposed
to experimental temperatures. At 15°C larvae had
a mean shell length of 260

jx
in about 24 days;

a mean shell length increment of 7.9 ^ per day.
Growth at 10-C was slightly slower than at 15°C.

Larvae had a mean shell length of 260 ^ in about
26 days; a mean daily shell length increment of

7.2^.
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ABSTRACT

Observations were undertaken to determine time of spawning, growth and size at

sexual maturity of horse darns, Tresus capax (Gould), (family Mactridae) in

southern British Columbia. The time of spawning was determined at one location.

Seal Island in the Strait of Georgia, and examination of histological sections of

gonada shoived spawning occurred there from mid February to May. Growth was

studied in clam populations at two locations. Seal Island and Doyle Island in Queen
Charlotte Strait, and was determined by measuring shell length and height of

dominant year-classes arid shell length and height at annuli. At Seal Island horse

clams have a mean shell length of 98 mm at age 5, 132 mm at age 10, and 149 mm
at age 15, compared to 84, 123 and 145 mm shell length for clams of corresponding

ages at Doyle Island. Horse clams at Seal Island became sexually mature at a shell

length of about 70 mm.
Possible utilization of this large clam in the commercial fishery is discussed.

INTRODUCTION

The horse clam, Tresus capax (Gould), is a

large bivalve of the family Mactridae which oc-

curs commonly on the west coast of North

America from Latitude 35°N to 60°N (Quayle,

1960; Bernard, 1970). It is abundant throughout
British Columbia coastal waters, occurring most

frequently on mud-shell-gravel beaches from mid-

intertidal beach levels to subtidal depths of at

least 9 m. Although it does have moderate poten-

tial in the commercial and sports fisheries of

British Columbia it is not used extensively in

either fishery at present.

1 Stout, William E. 1967. A study of the autecology
of the horse-neck clams Tresus capax and Tresus

nuttalli in South Humboldt Bay, California. M.

A. Thesis, Humboldt State College, Areata, Cali-

fornia. 51 p.

2 Machell, John R. 1968. The reproductive cycle of

the clam, Tresus capax Gould, 1850, family

Mactridae, in South Humboldt Bay, California.

M. A. Thesis, Humboldt State College, Areata,

California. 28 p.

There are few studies on this large clam. Swan
and Finucane (1952) and Pearce (1965) undertook

ecological and taxonomic studies on horse clams

in the Puget Sound, Washington area. Stout

(1967) I, Machell (1968) 2, and Machell and
DeMartini (1971) studied some aspects of the

ecology and reproductive cycle of horse clams in

Humboldt Bay, California. Reid (1969) determined

the seasonal fluctuation in glycogen and lipid con-

tent of horse clams from southern British Colum-

bia. No information has been published on the

biology of horse clams from British Columbia,

although such knowledge will be necessary for

proper management of the horse clam resource

if future fisheries develop.
Two species of horse clams, T. capax and T.

nuttalli (Conrad), occur in British Columbia. This

study deals only with T. capax, and presents data

on the time of spawning, growth and size and age
at sexual maturity of the horse clam in southern

British Columbia.

SPECIES OF HORSE CLAMS

Some controversy has existed over the sys-

tematics of the two species. Bernard (1970) points

38
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"^^r

FIG. 1. Two species of horse cJams, Tresus nuttalli (Conrad) above and Tresus capax (Gould) below.

out that various authors have separated and

synonymized them but concludes there is little

doubt they are distinct species. Stout (1967) i sum-

marized some of the reported differences between

the two species.

The two species (Fig. 1) can be distinguished by

shape of the shells: the posterior region of the

valves of T. nuttalli is extended and upswept while

in T. capax it is only slightly extended giving this

species a more oval appearance. Quayle (1960;

and unpublished MS» compared the height-length
and postumbone-preumbone length ratios of

animals collected in the Strait of Georgia area

of British Columbia and found the differences in

these two ratios for the two species were statis-

tically highly significant. Swan and Finucane
(1951) showed the two species could be dis-

tinguished in the Puget Sound area on the basis

of time of spawning, habitat and the thickness of

the siphonal plates. Pearce (1965), also working
in Puget Sound, found that T. capax has a visceral

skirt which is not present in T. nuttalli, and noted

that the commensal crabs, Pinnixa faba and P.

littoralis, were only found in T. capax.

In British Columbia, T. capax is more common
than T. nuttalli, and is generally found on beaches

which have a higher gravel than sand content in

the soil. Bernard (1970) states the range of T.

capax extends from Latitude 35° to 60°N and that

of T. nuttalli, from 28° to 50°N.

STUDY AREAS

Clams were collected from three beaches: Seal

Island and Brandon Island in the Strait of Georgia
and Doyle Island in Queen Charlotte Strait (Fig.

2). Seal Island is a spit at the northern end of

Denman Island which has a mud-sand-gravel soil

and some scattered rock. It has been a clam study

area since the late 1930's and has supported ex-

tensive commercial clam digging, particularly for

butter clams, Saxid07nus giganteus. Horse clams

are abundant on this beach and occur over an

area of about 10 hectares. Virtually the entire

horse clam population is T. capax. Brandon Island

is located off the Biological Station in Departure
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^NDON

FIG. 2. Map of southern coastal British Columbia showing the location of Doyle, Seal, and Brandon

Islands.

Bay. It has a small saddle beach between two

parts of the island, about 0.1 hectare in area with

steep slopes and mud-sand-shell soil with much
rock. All horse clams on this beach are T. capax.
Four samples of horse clams were collected

from Doyle Island which is in Queen Charlotte

Strait off the northeast coast of Vancouver Island.

The beach is about 1 hectare in area and mostly
sand-shell soil with much large rock. No T.

nuttalli were found there.

TIME OF SPAWNING
The reproductive cycle was determined by study-

ing seasonal changes in the condition of gonads
of T. capax collected at only one locality, Seal Is-

land. Samples of approximately 25 horse clams,

measuring 100 mm or more in shell length, were
collected monthly at the 0-1 m intertidal beach

level from September 1968 to May 1970. Gonads
were removed and preserved in Davidson's Solu-

tion. Histological slides, stained with haema-

toxylin-eosin were prepared from sections taken

from the centre of the gonad.
Several classification schemes have been used

to describe the reproductive cycle in bivalves. In

the present study the main interest was to deter-

mine when rapid development began in the gonad,
when it was filled with gametes and when spawn-

ing occurred. The reproductive cycle of T. capax
was divided into five stages using the condition

criteria outlined by Ropes and Stickney (1965) in

their study of the soft-shell clam, Mya arenaria

L: Stage 1, inactive; Stage 2, active; Stage 3, ripe;

Stage 4, partially spent; and Stage 5, spent. Since

completion of the present study, a paper by
Machell and DeMartini (1971) has described the

reproductive cycle of T. capax in South Humboldt

Bay, California, using the same five stages and

provides a detailed histological description with

photographs of each stage.
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In September and October 1968 the gonads of

T. capax at Seal Island began rapid development
which continued into November; by December-

January gonads of many clams were ripe (Table

1). By February gonads of most clams were ripe

and two males showed evidence of spawning; eight

had partially spawned in the mid March sample.
However major spawning probably occurred from
late March to mid May since gonads of a majority
of clams examined in early April and May were

partially spawned or spent. From June to Septem-
ber gonads of most clams were in the inactive or

early part of the active stage and in October

rapid development began to take place. By
January 1970, the gonads of some clams were ripe
and partially spawned and spent gonads were
observed in February. In March all the gonads
were either partially spawned or spent and by
April they were again in either the inactive or

early stages of the active phase.
Other observations support the histological

evidence that T. capax spawns in late winter or

early spring in the Strait of Georgia. On 19 March
1968, mass spawning was observed over a con-

siderable area of Seal Island. Most T. capax ex-

amined at this time had thin watery gonads in-

dicating they were in the spent stage and a con-

siderable reduction in body weight was recorded
at this time. On 18 March 1969, limited horse clam

spawning was again observed at Seal Island, and
a similar observation was made on 12 March 1970.

In March and April 1969, weekly plankton tows
were made in surface waters off Seal Island and
in Ladysmith Harbour, about 100 km southward
of Seal Island. Umboned T. capax larvae were
identified in plankton tows from Ladysmith
Harbour on 11 March and at Seal Island on 12

March. From results of laboratory experiments,
larvae of this size would have resulted from

spawnings about 7-10 days previously (Bourne
and Smith, 1972).

In both 1969 and 1970, horse clams began
spawning at the period of seasonal minimum
water temperatures in the Strait of Georgia and
continued as water temperatures began to in-

crease (Hollister, 1968). Spawning occurred later

in 1969 than in 1970, perhaps due to the unusually
cold winter of 1968-69.

Results of the present study agree with those

of other workers. Swan and Finucane (1952)

postulated that T. capax was a winter spawner
and Reid (1969) concluded from an analysis of the

lipid and glycogen content of gonads that T.

capax was an early spawner.

TABLE 1. Stage of gonadal developvxent of Tresus capax collected at Seal Island, 26 September 1968
to 7 May 1970. (m = male and f = female).

Date Number sampled

Stage I
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Comparative stages in the reproductive cycle

of T. capax from Seal Island are slightly later

seasonally than those observed in Humboldt Bay,
California (Machell, 1968 2; Machell and De-

Martini, 19711. In Humboldt Bay the in-

active stage extended from May to August,

rapid gonadal development from August to

December, and the gonads were ripe from Novem-
ber through January. Spawning began in January
and continued until the end of March; spent clams

were observed in February, and by April all were

spent. At both places, spawning began at the

time of seasonal minimal water temperatures.

GROWTH

Growth of T. capax was studied in clam popula-

tions at two locations, Seal and Doyle Islands,

and was determined by measuring shell length

and height at each annulus after the method des-

cribed by Weymouth, McMillin and Holmes (1925)

and discussed by Wilbur and Owen (1964). Sam-

ples of adult clams were collected randomly from

the 0-1 m intertidal beach level at Seal Island on

12 February and 15 May 1969, and at a similar

beach level at Doyle Island on 22 June 1971.

Measurements were made with calipers to the

nearest millimeter; the length was the straight-

line distance between the anterior and posterior

margins of the shell, the height the straight-line

distance between the umbone and ventral margin
of the shell.

Use of this method to determine age and growth
of clams depends on whether annuli are formed

and whether they can be distinguished on the

surface of the shell. Horse clams from both areas

have pronounced annuli; those clams with in-

distinct annuli (less than 5'; of the samples)
were discarded. Evidence to support the view that

they were indeed annuli was obtained from
measurements of dominant year-classes which set-

tled in 1968 in the Strait of Georgia and in 1967 at

Doyle Island in Queen Charlotte Strait.

The abundant 1968 year-class settled on many
beaches over a distance of at least 150 km along
the west side of the Strait of Georgia, including

both Seal and Brandon Islands, and was first ob-

served at Seal Island on 26 June at densities up
to 680/m2. Periodic random samples of this set

were collected from the 0-1 m intertidal beach

level from 26 June 1968 through to 27 October

1969. Initially all samples came from Seal Island,

but latterly most came from Brandon Island. Sub-

sequent analysis of annuli of horse clams from
Seal and Brandon Islands have shown the growth
of horse clams from the two areas is similar.

In June and July 1968, the dominant Strait of

Georgia year-class of that year had a mean shell

FIG. 3. Relationship between shell length and age

of the 1968 set of Tresus capax in the Strait of

Georgia. Open circles, Seal Island; closed circles,

Brandon Island.

length of 10-12 mm (Fig. 3). Growth increased

steadily until October after which it virtually

ceased and the first annulus was formed at a

mean shell length of about 25 mm. Annuli were
evident and distinct on clams of this set in the

summer of the following year. In 1969, rapid

growth began in early spring and by the end of

October the clams had attained a mean shell

length of 47 mm; the second annulus would be at

a shell length of about 49 mm.
The abundant 1967 year-class was first sampled

at Doyle Island on 1 July 1969. Two pronounced
annuli were present on clams of this year-class
and new shell growth was evident beyond the

last annulus. Another sample of the 1967 year-
class was collected from the same location on 28

May 1971. Four pronounced annuli were present,
an increase of two annuli in the 2 years, and new
growth was again evident beyond the fourth

annulus (Tables 2 and 3).

From this evidence, the conclusion was made
that true annuli were measured and they can be

used to determine the age and growth of horse

clams in the two areas. The results also show that

annuli are formed during the winter and can be

considered as winter checks or winter annuli.

Since the time of spawning coincides roughly
with annuli formation, shell length at an annulus
will also be the shell length at the corresponding

age. It must be pointed put that annuli up to age
10 are distinct and easily read but beyond age 10

they tend to be more obscure. Measurements of

T. capax past this age cannot be considered as

precise as those of younger clams.

Shell lengths and heights at successive annuli

of horse clams from Seal and Doyle Islands are

given in Tables 2 and 3, and growth as measured

by shell length at successive ages is shown in
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TABLE 2. Mean shell length (L = mm) at each anmilus for Tresus capax collected at Seal and
Doyle Islands, 19Jt9-1971. <N = number measured; S. D. — standard deviation).
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140
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TABLE 4. Stage of gonadal development of Tresus capax in groups of

10 mm shell length collected at Seal Island, 1968-1970.

Size range
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and at Seal Island is one of the commonest
bivalves on the beach, hence these large clams

have a moderate commercial potential. It is

doubtful if industry would be interested in using

this species until it attains a shell length of 100

mm in 5 years, at which time it could have

spawned twice. The relationship between whole

weight and shell length of horse clams taken at

Seal Island on 12 February 1968, is shown in

Figure 5. At 100 mm the whole weight is about

175 g. Approximately SO'^/r of the whole weight is

usable meat
; a 100 mm clam would have 52.5 g of

marketable meat, a 10-yearold clam (130 mm
shell length) 120 g of marketable meat. To obtain

maximum marketable meat yield from horse

clams the commercial harvest would probably be

limited to late fall and winter when the gonads
are rapidly filling or are full just prior to spawn-

ing. Since this period coincides with the major
effort in the butter clam fishery (the species of

most importance commercially), horse clams

could be harvested along with butter clams. An
unexploited resource could be utilized and clam

landings in British Columbia increased.
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ABSTRACT

Four bilaterally and one mixed hermaphroditic soft shell clams (Mya arenaria)

were found in samples collected in 1971 from Chesapeake Bay tributaries. The
cla^ns appeared to be normal in all other respects. It is believed that these are the

only reported cases of hermaphroditism in Mya collected from the Chesapeake
region. The prevalence of hermaphroditism was found to be 0.51%.

INTRODUCTION

In 1967 a project (4+3-75R under P.L.88-309>

was undertaken by the state of Maryland which,

in part, investigated some of the possible causes

of shellfish mortalities in Chesapeake Bay that

have been reported in past years. After the ter-

mination of this project, another ( J^S-ISI-R under

P.L.88-309) was initiated that had expanded scope
to investigate current parasite-host relationships

mortalities, and comparative physiological-patho-

logical conditions. Under this continuing project

samples of oysters (Crassostrea virginica) and

clams (Mya arenaria, Mercenaria mercenaria,

Tagelus sp.) have been routinely collected from

Chesapeake Bay and tributai'ies and Chincoteague

Bay and examined to determine the presence and

geographical distribution of several parasites and

pathological conditions. Mya were occasionally

collected from only a very few areas and examined

during 1969 and 1970. Since January 1971, Mya
collecting and examination has been planned and
carried out on a more regularly scheduled basis

of at least 8 Bay areas per month.

HISTOLOGICAL METHODS

All tissues examined during the course of this

project have been processed using the following
methods. The samples are individually coded upon
receipt and the animals in each are scrubbed,

measured, opened and examined macroscopically.

During initial histological processing a transverse

section, approximately 10 mm in thickness, is

taken from each animal, through the visceral

mass, gonad, gills and kidney, and placed in

Davidson's fixative. During successive weeks the

sections are dehydrated, embedded in paraffin,
sectioned at 6

jj,, permanently stained with Harris

hematoxylin and eosin and examined micros-

copically.

CASE 1

This hermaphroditic clam was found in a

sample of 24 collected from the Love Point area

of Chester River on 19 May 1971. The Chester

River is a tributary of Chesapeake Bay located

on the upper Eastern Shore, above the Bay Bridge.
Love Point is at the mouth of the river, off the

northern tip of Kent Island. The water depth at

which the sample was collected was 8 feet. On
the day of collection the on-bottom salinity was
6.67 %o and the temperature was 17.41 °C.

Including this sample of 24 clams, a total of

370 clams were examined, with this first case of

hermaphroditism being noted (incidence of

0.27 9o). A review of the literature indicates that

this condition is fairly rare in Mya. Other reports
of hermaphroditism in the species are by Coe and
Turner (1938) who noted three in approximately
1,000 collected near New Haven, Connecticut and

by Shaw (1970) who found one in a sample of 36

collected fi m Umpqua Bay, Oregon. To our

knowledge, none has been reported from Chesa-

peake Bay regions.

Results of Macroscopic Examination
The size of the clam under discussion was 70

mm (also the average size for the sample). The

following range of physical conditions was noted:

Medium (average) — 17 clams (70.8%); Medium

47
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plus — 6 (25.0';'c 1 ; and Fat minus — 1 (4.2'7f ). The

hermaphrodite was Medium. No abnormal color

was noted for any clam. No macroscopic abnor-

malities were noted for any shells or tissues. No
evidence of Cliona sp. or Polydora sp. was seen

on the shells. All of the clams were alive and re-

active upon receipt.

Results of Microscopic Examination

Histological examination determined that the

clam sample consisted of 11 females, 12 males,

and the single hermaphrodite. No pathogenic

parasites or conditions were seen. Ancistroconia

sp. was found in the digestive diverticuli of 12

clams and another species of ciliated thigmotrich
was found on the gills of 11 clams. Only the gill

ciliate was found in the hermaphrodite.
The clam was a bilateral hermaphrodite, such

as in examples reported by Coe and Turner (1938) ;

in the sea scallop, Placopecten mageUanicus, by
Merrill and Burch (19601; and in the surf clam,

Spisula solidissima, by Ropes (1968); the female

and male cells being segregated into separate
alveoli (Fig. 1). Shaw's (1970) Mya was of the

mixed type wherein male and female components
were accommodated in the same alveoli. Under
the classification of Coe (1943) these clams would
be listed as "accidental functional ambi-sexual."

As in the case of the majority of the clams in

this sample, the female and the male gonads in

this clam were in very early development phase.
The condition seemed to be paralled in both com-

ponents and the male and female alveoli appeared
to be in entirely normal condition. The general

physical condition of the clam, except for the

sexual anomaly, appeared to be normal.

FIG. 1 Early development phase of bilaterally

hermaphroditic gonads of a soft cla7n, Mya
arenaria. (200X)

CASE 2

This hermaphrodite was found in a sample of

25 clams collected 9 June 1971, at a depth of 10

feet from the Hollis Marsh area above Nomini

Bay in the Potomac River. This sample was the

first taken at this site. The on-bottom salinity

and temperature were 3.00 °io and 23.22°C.

Including this sample of 25 clams, a total of

493 clams were examined. The total prevalence of

this condition in our material became 0.41%.

Results of Macroscopic Examination
The size average in the sample was 70 mm; as

was the size of the hermaphrodite. The following

range of physical conditions was noted: Medium
— 15 (60':; ); and Medium plus — 10 (409r). The

hermaphrodite was Medium plus. No abnormal
color was noted for any clam tissue. All clams

in the sample had black specks on the shell ex-

teriors. There was no evidence of Cliona sp. or

Polydora sp. All clams were alive and reactive

when opened.

Results of Microscojnc Examination
Examination determined the following sex

distribution: 9 females, 15 males, and the single

hermaphrodite. One probable case of a fungal in-

fection (resembling Labyrinthomixa marina) was
noted in the sample. Ancistrocoma sp. was found

in 4 clams in gill tubules, and another species of

ciliated thigmotrich, possibly Sphenophrya sp.,

was found on the gill tissue of another clam. The

hermaphrodite was found to be free of these

organisms.
The clam was a bilateral hermaphrodite. The

gonads in this and in the others in the sample
were in early development phase. The develop-
ment in the hermaphrodite was parallel in both

male and female components. The general physical
condition of the clam, except for the sexual

anomaly, appeared to be normal.

CASE 3

This clam was found in a sample of 25 collected

28 June 1971, at a depth of 11 feet from an area

near the mouth of the Corsica River, a tributary

to the Chester River. This sample was the initial

one collected at this site. On-bottom salinity and

temperature were 7.80 %o and 27.46°C.

Including this sample of 25 clams, a total of

543 clams were examined resulting in a prevalence
of 0.55% for this condition.

Results of Macroscopic Examination
The average clam size in the sample was 60 mm.

The hermaphrodite was 50 mm. The range of

physical conditions was as follows: Medium —
22 (88%); and Medium plus — 3 (12%.). The her-
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maphrodite was Medium. No abnormal color was

noted for any clam. No evidence of Cliona sp. or

Polydora sp. was seen. All clams were alive and

reactive when opened.

Results of Microscopic Examination

The following sex distribution was determined;

11 male, 13 female, 1 hermaphrodite. All clams in

the sample were found to be free of parasites.

The clam in question was classed as a bilateral

type. The gonads in this clam and others in the

sample were in early development phase. The

development was parallel in both male and female

alveoli. In all respects other than gonadal the

clam appeared normal.

CASE 4

The clam was found in a sample of 25 collected

31 August 1971, at a depth of 7 feet from the

Corsica River area; being the third sample col-

lected at this site. On-bottom salinity and tem-

perature were 7.46 %» and 26.00°C.

Including this sample of 25, a total of 963 were

examined resulting in a total prevalence of 0.42%

for this condition.

Results of Macroscopic Examination

The average clam size was 60 mm. The hermaph-

rodite was 55 mm. The range of physical con-

ditions was as follows: Medium ^ 8 (32% I;

Medium minus — 13 (52%); Watery plus — 2

(8%); and Watery — 2 (8%). The hermaph-

rodite was Watery plus. No abnormalities were

noted for any clam. All were alive and reactive.

Results of Microscopic Examination

The following sex distribution was determined:

12 male, 12 female, 1 hermaphrodite. All clams

were found to be free of parasites.

The hermaphrodite was bilateral. The gonads

in this clam were parallel in early development

phase, comparable to other clams in the sample.

Aside from the gonadal condition, the clam ap-

peared to be normal.

CASE 5

This case was part of a 25 clam sample col-

lected 31 August 1971, at a depth of 9 feet from

the Piney Point area of the Chester River, down-

stream from the mouth of the Corsica River. The

sample was the third collected from the site. On-

bottom salinity and temperature were 10.23 %o

and 25.49-^0.

Including this sample, 988 clams have been

examined resulting in a total prevalence of

0.51% for the condition.

Restdts of Macroscopic Examination

The average clam size was 65 mm. The her-

maphrodite was also 65 mm. The range of physical

conditions was as follows: Medium plus — 4

(16%); Medium — 19 (76%); Medium minus — 1

(4%); and Watery — 1 (4%). The hermaphrodite
was Medium. No abnormalities were noted for any
clam. All clams were alive and reactive.

Results of Microscojnc Exafninatioji

The following sex distribution was determined:

14 male, 10 female, 1 hermaphrodite. Only one

clam was found with Ancistrocoma sp. in diges-

tive diverticuli. The other clams, including the

hermaphrodite, were free of parasites.

All clam gonads were classified as early develop-

ment phase. The hermaphrodite was found to be

of the mixed type as reported by Shaw (1970). The

female component of almost all alveoli was in

early development phase. The male component

displayed many aberrant cell types and gameto-

genesis was not noted. Development of ovarian

areas was equal to development levels in the

female clams in the sample. All the male clams

were at comparable levels. The hermaphrodite

appeared to be normal in all other respects.

This type incidence is 0.10% in our material.
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ABSTRACT

Collectors containing seven artificial substratum types appeared to catch

the spat of Venerupis japonica equally well at two study areas: Big Beef Harbor

and Point Whitney. The density of clam set at Big Beef Harbor, the primary study

area, was significantly higher than that at Point Whitney. The probable causes

for this difference are presented. Big Beef Harbor samples were taken at the plus

2.0 - 2.5 foot tide level while those at Point Whitney were taken at about the plus

5.0 foot level. The major period of spawning occurred from May through September.

Spatfall was heaviest from June through October.

Length frequency distributions of populations at three beaches (the two afore-

mentioned plus Fisherman Harbor) were used to estimate growth and four age

stages. The mean length at annual age increments was as follows: 2lf mm after

one year, 36 mm after two years, 1,0 mm after three years and 1,1, mm after four

years.

INTRODUCTION

The Manila clam (Venerupis japonica) has

readily adapted to local conditions since its ac-

cidental introduction to the Pacific coast of North
America with shipments of Pacific oyster (Crass-

ostrea gigas) seed from Japan (Quayle, 1938,

1941). Quayle (1964) reported that it reproduces
in San Francisco Bay and Humboldt Bay in Cali-

fornia; Willapa Bay, Grays Harbor and Puget
Sound in Washington; British Columbia; between

25° and 45° N. Lat. in Japan; and its occurrence

in S. E. Alaska suggests that it breeds there. The
clam became widely known throughout Puget

1 Contribution No. 368, College of Fisheries, Uni-

versity of Washington.

2 This study was supported by NSF Grant GH-40,

under the SEA GRANT Program. The SEA
GRANT Program is now maintained under

NOAA, U. S. Department of Commerce.

3 The work reported here was part of a thesis sub-

mitted by the senior author to the Graduate

School, University of Washington, in partial ful-

fillment of the requirements for the Master of

Science degree.

Sound, Washington in the 1940's. By 1969, total

annual hardshell clam landings rose to 1.8 million

pounds and to an excess of 2 million pounds in

1970. V. japonica contributes from 35-50 Vf to an-

nual landings in Washington (Dale Ward, Wash-

ington State Department of Fisheries, Olympia,

Washington, personal communication).

At present, consumption of this resource

stresses the need for sound management practices

of wild stocks and the enhancement of existing

commercial stocks through a seeding program.

Unfortunately, pertinent biological and manage-
ment reports for this species are lacking on the

west coast of North America. The available in-

formation is from Japan (Cahn, 1951; Yasuda and

Takamori, 1952; Yasuda, Hamai and Hotta, 1954;

Tanaka, 1954; Ikematsu, 1957; Ko, 1957; Ohba,

1959).

As part of the University of Washington SEA
GRANT activities, investigations were initiated

to study some of the environmental conditions

required for successful setting and growth of the

hard-shell Manila clam, V. japonica. Specifically,

the relationship between larvae and spat and the

substratum was investigated. This area of interest

led us to: 1) evaluate the influence of artificial

substratum types on the setting of metamorphos-

50
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FIG. 1. Map showing the locality of the study
areas. Arrows locate the sampling sites.

ing larvae, and subsequent growth of spats in

these substrata; 2) determine the period of major
spatfall in Hood Canal; and 3) estimate growth
rate of spat to harvestable size.

MATERIALS AND METHODS

Big Beef Harbor (BBH), Point Whitney (PW),

and Fisherman Harbor (FH) in Hood Canal,

Washington (Fig. 1) were the areas chosen for

study. The primary study area was BBH, at a

site owned by the University of Washington and

operated as part of a field research station com-

plex under the College of Fisheries.

The study consisted of two parts: spat collection

from an oyster bed at Big Beef Harbor (BBH)
and from a restricted tidal lagoon of the Washing-
ton State Shellfisheries Laboratory at Point

Whitney (PW), and the monitoring of naturally

occurring populations at these two stations plus

Fisherman Harbor (FH). The major differences

between areas were substratum composition and

tidal height. Sampling at BBH and FH was con-

ducted at similar tidal levels, about 2.0-2.5 feet

ab<; ve the tide mark relative to mean low water,

but at PW sampling was conducted at about

the 5.0 foot level. This was necessary because of

possible vandalism on the PW public beach. The
substratum at PW and FH was of mixed sand

and gravel with little mud; in contrast, the sub-

stratum at BBH was mostly mud and silt mixed

with oyster shells and some gravel.

Spat Collection

Round, sand-colored rubber sink basins (Rub-

bermaid, 12 X 3V2 inches) were used for spat col-

lectors. A number of holes were drilled in the

bottom of each collector to allow drainage and

they were filled with one of seven combinations

of building sand, gravel (3/8 and 7/8 inch in 50%
proportion), and crushed shell. Components were
mixed in equal proportions to give seven treat-

ment types: A = Sand, Gravel and Shell; B =
Sand and Shell; C = Gravel and Shell; D = Sand
and Gravel; E = Sand; F = Gravel; and G
= Shell.

Various arrangements of plots were installed

flush to the bottom at BBH and PW. Replicated
7x7 Latin square arrays were used to assess dif-

ferential setting with respect to substratum type.

Recruitment and growth of spats were evaluated

by replicating Row 1 of a Latin square 5 times

and installing them in separated rows 3 feet apart,

one row being sampled monthly. Additionally,

treatments A, B and C were replicated three times

and installed in sets of three to evaluate growth
and survival after one year. An additional set

of Latin squares was installed at Big Beef Harbor
with galvanized wire screens (1 inch mesh) con-

structed around each square to determine if such

a pocket forming device would increase spatfall.

After about iy2 months, the screens fell down due

to heavy fouling and current action. However,
rows 5, 6 and 7 of Square I were salvaged in the

following year and used for further growth in-

formation. A schematic representation of the field

layout at BBH is presented in Figure 2. Latin

squares with wire screens and one-year plots
were not installed at PW.

Collectors picked up after the prescribed sampl-

ing intervals were brought to the field station

where each sample was washed through a series

of screens with the following mesh sizes: 26.9, 13.5,

6.73, 3.36, 1.68, 0.841 and 0.420 mm. Materials re-

tained on the larger mesh sizes, 26.9 - 3.36 mm,
were sorted in the field. Substratum and spat

remaining on the three smaller mesh size screens

were saved in plastic bags, preserved in 50%

isopropyl alcohol and brought to the laboratory

for separation. Hamilton's (1969) method for

separating freshwater invertebrates from sedi-

ments was used. Each sample was emptied into

a sorting pan, rinsed with tap water and then

immersed in a 0.1% concentration of Rhodamine
B (C. I. No. 45170) for 30-40 min. The dye was

poured off and either 25%, 50% or 100% of the

sample was rinsed and sorted depending on the

amount of residue. Statistical analyses using Chi-
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FIG. 2. Schematic representation of the field lay-

out at Big Beef Harbor. Letters denote treat-

ments: A = Sand, Gravel and Shell; B = Sand

and Shell; C = Gravel and Shell; D = Sand and

Gravel; E — Sand; F = Gravel; G = Shell.

square and the analysis of variance demonstrated

that a minimum subsample of 25% would include

counts and mean lengths of spat representative

of the entire sample (p>0.05). Juvenile clams,

stciined a bright pink, were easily seen under

visible light. The dye remained in the flesh of the

clams throughout the rinsings and readily washed

off the shell fragments. Inorganic material and
debris did not stain. The separation process was
about 91% efficient based on recovering known
numbers of clams from barren substratum pre-

parations.
V. japonica spat were identified on the basis of

shell shape, sculpture and pigmentation. The

screening process apparently selected for clams

larger than 0.5 mm. Yoshida (1935) reported that

radiating striae appear in the marginal region of

the shell when spats reach a length of 0.58 - 0.68

mm and that the young shell acquires an ap-

pearance similar to the adult. Identification,

counts and measurements were obtained through
use of a millimeter rule immersed in a petri dish

containing tap water and observed under a wide

field binocular dissecting scope. Similar appear-

ing shells of Venerupis staminea were separated

by comparison with known samples supplied by
the Washington State Shellfisheries Laboratory,

by adult characteristics given by Frizzell (1931)''

and by past field experience.

The statistical treatment of the experimental
data included use of transformations, missing
data estimates for Latin squares using the method
of Kempthorne (1952) and the analysis of

variance. Chi-square and analysis of variance

were also used to determine the feasibility of

certain techniques used in subsampling.

Population Surveys

Naturally occurring populations of V. japonica
at BBH, PW and FH were sampled from a pre-

constructed 4.5 x 1.5 m grid divided into 27 sub-

sections (J m'' each). On a sampling date, enough
substratum to fill a spat collector basin was taken

from each of three subsections on the beach. The
combined area of the three subsections was 0.22

m^. Subsections were used rather than a single

large sample to average out the clustering effect

clams exhibit on any given beach. After sieving
each sample through a series of screens, large
clams were collected with the naked eye and
minute clams were separated from sediments as

described for spat collections.

Dimensional measurements of all individuals

greater than 4.0 mm in shell length were read

from a Metric Dial Caliper and defined as follows:

length — from the anterior most part of the

shell to the farthest point posteriorly; height —
distance from the umbone to the middle of the

ventral side; and breadth — the longest line be-

tween the right and left valves of a clam. Varia-

tions in sample measurements were not statistical-

ly significant for any dimension (p>0.05).
Smaller individuals found in residue material

were identified and measured under the dissecting

scope.

RESULTS

I. Spat Collection

Spat of V. japonica dominated the seed collec-

tions at BBH and PW. Other pelecypods identified

were V. stayninea, Saxidomus giganteus, Mya
arenaria, Macoina inconspicua, Macoma spp.,

Cryptomya californica and Modiolus spp. No at-

tempt was made to quantify them. Besides pelecy-

pods, various gastropods, shore crabs (Hemi-

grapsus) and amphipods were also found.

Brachyuran juveniles, probably Heniigrapsus
were found in the late summer and early fall.

Effects of Artificial Substrata

For the five month collection period, July-
November 1969, setting intensity in the Latin

» Frizzell, D. L. 1931. A study of the molluscan

genus Protothaca, Seattle: Univ. of Washington,
M. S. Thesis.
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FIG. 3. Mean number of clams per plot taken in

seven artificial subst7-atum types from replicated

Latin square arrays at two stations. A = Satid,

Gravel and Shell; B — Sand and Shell; C = Gravel

and Shell; D = Sand and Gravel; E = Sand; F
= Gravel; G = Shell.

square plots at BBH was about 10 times greater
than that at PW: 7818 (79.8 spat/plot) from BBH
and 744 (7.6 spat/plot) from PW (Fig. 3). The
numbers of clams within each treatment did not

vary significantly at BBH (p>0.05). Between
treatment differences were significant at PW
(p<0.05), but because of the relatively light

settling of spat, the practical significance of the

F-test was not considered to be a true indication

of treatment differences at this station. Although
the primary objective for using the Latin square

array was to test for preferential setting, the

difference in setting between areas was signifi-

cant. It is felt that the disparity was caused by

the different tidal heights at which spat collectors

were installed.

At BBH, the mean number of spat per plot in

a given treatment ranged from 70.1 (Gravel) to

104.6 (Gravel-Shell) spat in Square 1, and 54.9

(Sand-Shell) to 107.7 (Shell) spat in Square II

(Fig. 3). The Shell plots collected the highest

average number of spat, 104 per plot when the

treatment totals for the two plots.were combined.

This was 16 per plot over the next highest treat-

ment mean (Gravel-Shell) and 40 per plot over the

lowest mean (Sand-Shell). Although the differ-

ence between the highest and lowest means was

substantial, no trend in treatment component to

numbers of clams was indicated in the data. The
mean lengths of the combined treatment totals

ranged from 1.94-2.33 mm at BBH and from

1.72-2.12 mm at PW.

Recruitment and Growth

At BBH, the mean number of spat per plot in-

creased slightly each month, from 29 in August
until November 1969, when a sharp increase to

approximately 55 per plot occurred (Table 1).

During this period, a large percentage of the

samples each month consisted of juvenile clams

less than 2 mm in shell length. For example, 88%
of the August samples consisted of clams 1-2 mm
in length. The percentage of clams in this category

decreased in proportion to the sample size in the

following months in a manner reflecting continual

recruitment and progressive growth of earlier

sets. Sampling with spat collectors during this

period does not preclude the possibility that re-

cruitment occurred before and after the collection

period.

By June 1970, density dropped to about 4 per

plot after mortalities presumably caused by pre-

dation and winter conditions. The drop in density

represents an apparent mortality of 93% if it is

TABLE 1. Su7nmary of number and mean size of Manila clams by treatment and month at two

stations from monthly sampling of spat collectors during the sumvier and fall of 1969 and 1970 to

determine recruitment and growth of the 1969 year class. Dashes <-) represent missing plots. Letters

denote treatments: A = Sand, Gravel and Shell; B = Sand and Shell; C = Gravel and Shell; D
= Sand and Gravel; E — Sand; F = Gravel; G — Shell.



54 T. Y. NOSHO AND K. K. CHEW

20i

10

J ^

R,

N = 73
X =11.3

20

c: 10

q-



SETTING AND GROWTH OF MANILA CLAMS 55

NOVEMBER 24
N = 104

Shell length (2mm closses )

FIG. 5. Length frequencies of Manila clams taken

frovi the random sampling grid at Big Beef Har-

bor during the smnmer and fall of 1969. Shaded

area approximately delineates the 1968 year class.

amount of early setting occurred at BBH (Fig.

5) and FH (Fig. 6). Early sets did not appear at

PW (Fig. 7).

For the 1969 year class, late sets at BBH (Fig.

5) and FH (Fig. 6) showed similar increases in

mean length. Average length for this late set

progressed from approximately 6-8 mm in July
to 1012 mm in August, 14-16 mm in September,
20-22 mm in October and 24-26 mm in November, a

rate of 4.5 mm per month. Mean length for early
sets increased from 16-18 mm in July to about 24

mm in October at BBH and FH and to 28 mm in

November at the former station, a rate of 3.5 mm
per month. Late sets at BBH appear to gradually

merge with early sets from July to November
when they form an inseparable group. At FH late

sets appear to have merged with early sets by
the end of September. The 1968 year class was not

well represented at PW (Fig. 7).

OCTOBER 29
N"54

Shell lenglh(2mm closses)

FIG. 6. Length frequencies of Manila clams taken

from the random sampling grid at Fisherman

Harbor during the summer and fall of 1969.

Shaded area approximately delineates the 1968

year class.

The values of the two modes comprising the

1968 year class in July are low when compared to

the June 1970 samples grown in spat collectors.

Differences in size can be attributed to the severe

winter of 1968-1969 when BBH actually froze over

several times. Freezing conditions before starting

the experiment probably affected growth of na-

tural populations.

At BBH mean lengths of the 1967 year class

progressed from 28 mm in July to about 36 mm
in November, a rate of 2 mm per month (Fig. 5).

Growth at FH was comparable. The lack of de-

finite traceable modes for earlier year classes

precludes further growth estimation at these two

stations. However, the 1966 and 1965 year classes

are well represented at PW, indicating that heavy

recruitment occurs in the tidal lagoon periodically.

Mean length of the 1966 year class progressed

from 36 mm in July to 40 mm in November; i.e.,

1 mm per month (Fig. 7). During the same period,

the 1965 year class increased in length from 42-44

mm; i.e., 0.5 mm per month. The few larger

clams averaging about 50 mm in length at each

station may have resulted from differential

growth, or are survivors of the 1964 year class.

Thus, it appears that an average maximum size of

50 mm is attained by this species over a four- to

five-year period.

In conclusion, the average rate of growth of

the Manila clam, V. japonica, is as follows: 24 mm
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FIG. 7. Length frequencies of Manila clams taken

from the random sampling grid at Point Whitney

during the summer and fall of 1969. Shaded area

approximately delineates the 1968 year class.

after a year, 36 mm after two years, 40 mm after

three years, and 44 mm after four years. The
summer and early fall months are periods of

rapid growth with little or no growth during the

winter (December-February).

DISCUSSION

Choice of Substratum

An ability to differentiate between the artificial

substrata used in this study was not demonstrated

by larvae of V. japonica. This does not preclude
the possibility that such an ability is present. It

is generally agreed that larvae of many species

of marine invertebrates have a certain power of

selection during settling (Wilson, 1932, 1937; Day
and Wilson, 1934; Thorson, 1946, 1957). For

example oyster larvae settle on clean surfaces

and appear to prefer shell cultch. The larvae of

V. pullastra have been shown to selectively settle

in the thin detritus layer on the upper surface of

glass plate spat collectors (Quayle, 1951).

In a study such as this where environmental

conditions are beyond control, many variable

factors remain which do not lend themselves to

evaluation. At Big Beef Harbor several experi-

mental plots within Latin square arrays were

washed out indicating that currents play a major
role in determining the outcome of spatfall, at

least at this station. Undoubtedly, the artificial

substrata used in this study provided an unstable

habitat for the spat. It is apparent that any
choice of substratum exhibited by metamorphos-

ing larvae was overcome by tidal action. Orton

(1937), Kreger (1940) and Baggerman (1953) sug-

gest that the spatfall and distribution of Cardium
edule set are dependent on hydrographic condi-

tions. Currents have also been reported as a factor

in the settling of M. arenaria (Turner, 1953';

Ayers, 1956).

Recruitment and Growth

Setting in the three study areas in Hood Canal

shows local and annual variations. Various factors

such as water temperature, salinity, food supply,

granular composition of substratum and time of

exposure are considered to have some effect on

spawning, setting and growth of bivalve species.

Therefore, it is extremely difficult to point out the

one factor or combination of factors which is

mainly responsible for local and annual differ-

ences.

V. japonica generally spawn and set twice year-

ly in Japan, in the spring and autumn (Yasuda

et al., 1954; Tanaka, 1954; Ko, 1957; Ikematsu,

1957). Yasuda and Takamori (1952), however, re-

ported a seasonal appearance of seed clams from

AprO to mid-June in the vicinity of Tamashima.

Further, Ikematsu (1957) found that in Ariake

Bay the spring sets apparently perish and sets

in late autumn maintain the species. In our study

spat were not detected in the July 1969 samples
even though they may have been present in the

preceding month of June.

Yoshida (1935) estimated a pelagic larval

period for V. japonica of three to four weeks and
that the spat set at 0.190 - 0.235 mm (Loosanoff,

Davis and Chanley, 1966). The spat have been re-

ported to grow to a size of about 0.90 mm in 40

days (Yoshida, 1935). Growth in the next few

months is extremely rapid. Ikematsu (1957) esti-

mated that this species will grow from 1 to 10 mm

5 Turner, H. J., Jr. 1953. Hydrographic concentra-

tion of soft clams. Fourth Ann. Conf. Clam Res.,

U. S. Fish Wildl. Serv., Boothbay Harbor, Maine,

p. 24-27.
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in two months in the relatively warm waters of

Ariake Bay, Japan. Near the Inland Sea of Japan,
Ohba (1959) estimated that clams 2-3 mm in length
and derived from an autumnal spawning were at

least three to four months old in April. Together
with the results of our study, these observations

indicate that setting in the study area began near

the end of May and the spat reached a size of 1

mm by the end of June. In subsequent months,
set derived from a May spawning would be about

4 mm in July, 8 mm in August, 11 mm in Septem-
ber, 14 mm in October and 16-17 mm in November.
The absence of 4-5 mm clams in July indicates

that major spatfall in Big Beef Harbor probably
began in June.

Personal communications with Mr. Justin Tay-
lor and Mr. Donald Dahman, commercial hard-

shell clam harvesters in southern Puget Sound,
further substantiates a major spatfall period in

June. They found that Manila clams are ripe and

apparently ready to spawn in the month of May.
Adult Manila clams in Big Beef Harbor were

periodically opened during the late summer and
fall of 1969 and 1970. Many individuals were

spawned out by October, although a few ripe
clams were encountered. Thus a major spawning
period from early June through September is

suspected and correspondingly, the peak months
of setting are believed to be from late June to

October. However, the onset of spawning may be

altered as much as a month due to annual tem-

perature differences which govern metabolic rate

and gonadal development to a large degree.
Whether or not the monthly spatfall is the result

of one spawning population was not determined.

Determination of age through annual ring

and/or marking methods were not attempted in

this study. Ohba (1959) found that the method of

annual rings does not give consistent results for

V. japonica. Instead, he distinguished different

age groups by plotting the ratios B/L and B/H
(B, shell breadth; L, shell length; and H, shell

height) against length of the shell and found that

discontinuous distributions were formed and could

be separated by lines of demarcation. Ohba's
method was not substantiated in our study. The
ratios B/L and B/H appeared to be linear func-

tions of length. Consequently, definite breaks in

the distributions were not readily noticeable ex-

cept for small individuals averaging 4-6 mm in

shell length.
Growth of V. japonica varied considerably with

area, but most investigators observed rapid
growth during the 0-year stage. Ikematsu (1957)

reported a shell length of 27 mm after one year
of growth in Ariake Bay. For the Mukasa-shoal

population, Ohba (1959) concluded that the clam
reaches 18 mm after one year, but that the popula-

tion is a poorly grown one. In our study, the use

of length frequency distributions to assess age
and growth in a species that exhibits a multi-

modal appearance in recent year classes is com-

plicated when considering length of the breeding
season together with local and annual variations.

Spat collections, however, gave reasonable ap-

proximations of the range in length expected for

the 1969 and 1968 year classes. Orv this premise,
V. japonica reaches a harvestable size of 24-26

mm one to two years after setting in Hood Canal.

Rapid growth is often accompanied by early
maturation and many individuals, approximately
15 mm in shell length, spawn before they are one

year in age (Ko, 1957). The degree of early
maturation for V. japonica populations in Hood
Canal is presently under investigation and will

be reported in a later publication. The rate of

growth determined in this study suggests that

growing conditions are favorable in Hood Caneil

waters. Limiting conditions may exist in certain

areas and stunting and malformation can be

expected.
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MARKING SCALLOPS WITH QUICK-SETTING CEMENT'

J. Harold Hudson
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
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MIAMI, FLORIDA

ABSTRACT

Previously used materials for marking commercially impoHant bivalve mollusks

cannot be applied successfully to the calico scallop, Argopecten gibbus, since this

species cannot withstand the air exposure necessary to dry these substances. A
quick-setting calciu)7i carbonate cement that will adhere to a wet surface and harden

under water was tested and proved to be a suitable marking agent for A. gibbus.

The cement is easy to apply, apparently non-toxic and in field tests was retained

by calico scallops for 15 mojiths.

INTRODUCTION

Calico scallops, Argopecten gibbus, are found

in commercial quantities along the southeast

coast of the United States and in the northeast

Gulf of Mexico (Cummins, 1971 >.

A program to study the life history of this

valuable species was begun in 1968 by the Bureau
of Commercial Fisheries, Tropical Atlantic Bio-

logical Laboratory, Miami, Florida. An early

phase of the study was to deteiTnine the growth
rate and movements of calico scallops through
shell marking.

Initial emphasis was on finding a suitable mark-

ing agent since, to my knowledge, no one had

developed a method of marking calico scallops.

Earlier workers have used a variety of materials

and methods to mark commercially important
bivalve mollusks (Ropes and Merrill, 1970). Most
of these species, however, have been able to with-

stand prolonged exposure to air and have pos-
sessed a relatively thick shell.

These mollusks can be marked with a variety
of adhesives, sealants, inks, and paints that re-

quire a dry surface and a period of air exposure
for initial drying. Their thick shells can be

notched, bored or incised with little chance of

shell breakage or injury to the animal.

The calico scallop cannot survive out of water

for extended periods. In addition, its thin valves

are not well suited for drilling or incising, and I

found that notches cut into the shell margin were

quickly obscured by new shell growth.
To successfully mark large numbers of calico

scallops, a marking agent should meet the fol-

lowing criteria:

1. The marking material should not harm living

tissue.

2. It should be easy to apply and readily visible.

3. It should adhere to a wet surface and harden

under water.

4. The mark should be durable.

Several epoxy compounds have been used to tag

wet or immersed mollusks. Moore and Lopez
(1969) used an epoxy resin to cement small num-
bered plastic tags to the lightning venus, Chione

cancellata. Rosenthal (1969) used an epoxy putty

under water to attach engraved disc tags to Kel-

let's whelk, Kelletia kelletii. Although epoxy is an

excellent adhesive, I was concerned that the sol-

vents would be injurious to the scallop since it

would likely contact the mantle. My previous

experience with All-Crete, 2 a quick-setting calcium

carbonate cement, suggested its use as a more
suitable marking material.

I Contribution No. 208 National Marine Fish-

eries Service, Southeast Fisheries Center, Miami
Laboratory, Miami, Florida 33149.

2 All-Crete — All-Crete Manufacturing Company,
P. O. Box 1218, Woodland, California 95695.

Trade names referred to in this report do not

imply endorsement of the commercial product.
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FIG. 1. Scallop marking technique. Rub cement
across shell in direction of arrow.

MATERIALS AND METHODS

All-Crete is composed primarily of a calcium

carbonate bonding matrix and a fine sand filler.

Unlike conventional lime-based cements, it con-

tains a special additive that allows the cement
to harden quickly with no apparent heat of

hydration. Both white and gray cement are avail-

able. The white cement can be mixed with com-

mercial cement coloring agents to produce addi-

tional colors.

If a colored cement is desired, no more than 10

percent additive by volume should be used, as the

addition of any inert ingredient will reduce the

strength of the cement. I used a clear plastic bag
to mix the coloring agent and cement. The bag
eliminates airborne cement dust and allows the

ingredients to be thoroughly mixed.
In preparing the cement, the manufacturer's

instructions should be carefully followed. Cement
suitable for marking scallops has the approximate
consistency of firm putty and retains its shape

when pressed into a ball.

To apply cement, remove the scallop from the

water and press the upper valve into a soft sponge
to remove excess water. A small quantity of

cement (about 1/2 cc for scallops 10-20 mm in

shell height, and 1 cc for scallops 30 mm and

larger) is placed near the lip then rubbed firmly
across the shell at right angles to the ribs (Fig. 1).

This tightly grouts the depressions between the

ribs and leaves a thin coating of cement over the

shell. Several quick thumb strokes are necessary
to evenly distribute cement out to the lip so that

new shell growth can be accurately measured. The
hand applying cement should be dry as water will

dilute and weaken the mixture before it is com-

pacted between the shell ribs. Apply only enough
cement to fill the inter-rib areas. The upper sur-

face of the ribs should be visible through the

coating.
After marking, the scallop can be returned

immediately to the holding tank. At this point,
the cement has a soft, crumbly consistency, and
marked specimens should be handled carefully.
Marked scallops should be held several hours

to allow the cement to harden further. Table 1

shows the approximate rate at which the cement
sets and adheres under water. The final strength
of the cement bond, of course, is dependent on the
surface to which it is applied. Adhesion is greatest
on ribbed, textured or somewhat pitted shells,
and least on smooth glossy ones.

If large numbers of scallops are to be marked,
it is best to have one person prepare cement for

those who will apply it.

Using this method, one person can, with practice,
mark 200 (25-mm shell height) scallops per hour.
I have marked calico scallops as small as 7 mm
in shell height which appears to be the lower limit
for marking experiments with this species, since
smaller specimens are fragile and difficult to
handle without crushing.

TABLE 1. Approximate hardening and bonding
rate of All-Crete cement on calico scallops held in

sea water at 2lf°C.

Hours after

marking
Cement
hardness

Thumb pressure

required to re-

move cement from
shell

1/2
1

3

6

12

crumbly
firm

very firm

hard

very hard

slight

moderate

moderately heavy
heavy
cannot be removed
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EVALUATION

The long-term durability of this product as a

shell mark is still being evaluated; however, All-

Crete marked calico scallops recovered after 15

months on a scallop bed had only a moderate loss

of marking material from their shells. In most
instances when a mark was indistinct, enough
cement remained wedged between the shell ribs

to identify the marking site.

In addition to calico scallops, I have success-

fully marked the zigzag scallop, Pecten ziczac;

Ravenel's scallop, Pecten raveneli; the rough
scallop, Aequijiecten imiscosus; the nucleus scal-

lop, Argopecten nucleus; the Atlantic bay scallop,

Argopecten irradians concentricus; and the Antil-

lean scallop, Lyropecten antillarum. It is likely

that many pelecypods and gastropods can be

marked using this material and similar application

techniques.
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ABSTRACT

In a sound program of stock improvement through selective breeding, it is desir-

able to predict an expected response to selection before the selection is under-

taken. This necessitates estimati^ig the heritability for each attribute being selected.

Several 7nethods hax^e been applied to the problem of estimating heritabilities for
the Pacific oyster, Crassostrea gigas, in this laboratory.
In the present com7mmication these methods are briefly described and the relative

merits of each method is assessed. Based on this assessment, a simple method is

proposed and described in sufficient detail to perynit interested hatchery personnel
to use the method.

Finally, to demonstrate the method by example, estimates of heritability for
several attributes of C. gigas are presented. The expected responses to selection,

predicted from these estrmates, are discussed.

INTRODUCTION

This report describes an attempt to apply some
of the animal breeding methods which have
resulted in real economic gains in farm animals
to the genetic improvement of shellfish. In the
interest of simplicity, many theoretical considera-
tions have been omitted. For comprehensive treat-

ments of the underlying theory, the excellent text-

books by Falconer (1960) and Pirchner (1969) are
recommended.
No original methods or concepts are presented

in this paper. Its immediate aim is to explain
some elementary concepts to a specialized audience
(shellfish growers and hatcherj'men) who are not
oriented in quantitative genetics. The problem
which the author wishes to address is this: how
does one get started making selective breeding of
shellfish become a reality? Even the most com-
petent hatcheryman would be likely to become con-

1 Oregon Agricultural Experiment Station, Tech-
nical Paper Number 3183.

2 This research was supported by a grant from
the Louis W. and Maud Hill Family Foundation.

fused when confronted with a battery of quantita-
tive genetics textbooks. In the same sense, a pro-

ducing facility is not likely to be able to afford a

highly specialized animal breeder. The author
feels that the most expedient answer is to pro-
vide the hatcheryman with a simplified method,
even though it may not be perfect, which will

enable him to start to realize some degree of

genetic gain. In utilizing this procedure, he will

formulate questions, be motivated to seek the

answers, and ultimately progress to more effective

methods of selection.

When one considers the general method which
has been applied to the improvement of agricul-
tural stocks, it is convenient to divide the entire

process into five steps. These steps are: (1) de-

finition of attributes, (2) estimation of the herita-

bility for each attribute, (3) prediction of the re-

sponse to selection based on each heritability

estimate, (4) formulation of selection indices, and
(5) accomplishment of selective matings. In this

report, only the first three steps will be considered.

1. Definition of attributes.

The attributes utilized in animal breeding are
termed quantitative or metric characters. These in-
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elude all characters which are measurable and

are approximately normally distributed in popula-

tions. The potential list of all such attributes is

infinitely large. In practice, however, the list is

made manageable by considering only those at-

tributes for which the measurement is practical

and to which some real economic importance may
be attached. Some quantitative attributes of oys-

ters are shown in Table 1.

2. Estimation of heritabilities.

Heritability is an index of the extent to which

offspring are observed to resemble their parents.

It is a convenient parameter for use in breeding

programs since it enables one to predict the re-

sponse to selection before such selection is under-

taken.

It is important that certain restrictions which

apply to the heritability estimate be stressed. The

estimate of heritability for any attribute will not

find universal application even within a species.

The heritability estimate is valid only for the

unique conditions of environment effected upon
the animals whose measurements provided the

data for the estimate. For example, heritabilities

estimated for oysters reared in one hatchery are

not valid for other hatcheries. This follows from

the nondescript selective practices associated with

hatchery operations. Similarly, the heritability of

performance in a given estuary is not applicable

to other estuaries.

Therefore, it will be necessary to obtain esti-

mates of heritability using hatchery techniques in

order to implement selective breeding programs
with shellfish. Economic considerations dictate

that this must be accomplished by personnel not

necessarily trained in genetics, utilizing facilities

which are neither expensive nor extensive. The
author has, therefore, evaluated several methods

used for estimating heritabilities with the hopes
of finding one or more which would satisfy the

economic restraints. Of the several methods for

estimating heritability which have been applied
to animal improvement, two approaches seemed

promising for the present purpose.
a. Estimation of heritability by regression of

offspring on parents is a desirable approach with

respect to simplicity of calculations. However, this

method has several serious limitations. First, a

very large number of matings must be accom-

plished to realize a reasonable standard error for

the heritability estimate. Second, some assortative

and some random mating is desirable. This usually

imposes the restriction that heritability may only

be estimated for one attribute per experiment. An
additional limitation of the regression method

results because the age of the offspring at the

time of measurement must correspond to the age
of the parents at the time they were measured.

Finally, this type of estimate is not suitable for

so-called slaughter traits, in which cases the

animals must be sacrificed during the measure-

ment process.

b. Heritability may also be estimated by analyz-

ing the variance between and within groups of

related animals. In this type of analysis, sibling

groups are generated from matings between in-

dividuals selected at random from the parental

population. Therefore, assortative mating is not

required. Measurements are made on random

samples of the progeny from each mating. Herit-

abilities may be estimated for any number of

attributes in a single experiment, and measure-

ments may be taken at any age, it being under-

stood that that heritability estimate refers to per-

formance at that age. This type of estimate is

suitable for slaughter traits. For a given precision

of the heritability estimate for any attribute,

fewer matings need be accomplished with the

analysis of variance approach than with any
other method. The calculations for this type of

analysis of variance are not complex.
One may analyze groups of full or half-siblings.

Quantitative genetic theory suggests that the

latter provides the better estimate of heritability.

However, the analysis of half-siblings represents

a more sophisticated experiment with respect to

demands on the facility as well as the analysis of

the data. It would thus appear that the analysis of

full siblings is the best method within the cap-

abilities of most hatcheries. In effect, we are

compromising some of the genetic precision of the

heritability estimate in the interest of simplicity

and cost. This is not considered to be a serious

compromise, since any estimate of heritability is

TABLE 1. Some quantitative attributes of Pacific oysters.

1. Length (L)

2. Height(H)
3. Width (W)
4. Size (H+L-f-W)
5. Shape (L/H)
6. Total weight

7. Weight of meat
8. Weight of shell

9. Meat production (weight of meat/total weight)

10. Shell production (weight of shell/total weight)

11. Larval survival

12. Setting success
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at best only an approximation of the extent to

which genetic processes are operating. Further,

when one considers the state of the art of shell-

fish breeding, the analysis of full siblings appears,

by virtue of its simplicity, to be a logical place to

start.

3. Response to Selection.

Before considering the relationships of her-

itability and response to selection, it is neces-

sary to introduce another term, the selection dif-

ferential. For a given attribute, this is the differ-

ence between the mean value of the group selected

as parents and the mean of the population from
which they were selected.

Response to selection may now be calculated

from the relation:

R - Sh^

where R is the response to selection, S the selec-

tion differential, and h^ the heritability. In

practice, it is convenient to substitute the stan-

dai'dized selection differential discussed by Fal-

coner (1960) for the selection differential. The ap-

plication of this method to aquacultui-e has been
discussed by Simon (1969). The response equation

may be used to estimate heritability from the

response realized in actual selection experiments.
In this case,

h^=5.
S

Heritabilities which have been calculated from
observed responses are termed realized herit-

abilities. Realized heritability estimates are sub-

ject to the same limitations as regression of off-

spring on parents. Further, the heritability esti-

mates should be based on responses realized over

several generations of selection. It is a useful

method for retrospective evaluation of breeding

programs, however.

The present author has utilized the full-sibling

analysis to estimate heritabilities for several at-

tributes of the Pacific oyster. The results of these

experiments are presented to demonstrate the

method by example and to demonstrate the pre-
dictions to which it leads. It should be emphasized
that these data represent estimates relating to a

particular hatchery and a particular estuary. They
should not be considered applicable to Pacific

oysters in general.

MATERIALS AND METHODS

Matings were accomplished during November
and December, 1969. The methods utilized for

conditioning and spawning were essentially those

described by Loosanoff and Davis (1963). Sexually
mature oysters were placed in a tray containing
sea water maintained at 27±3°C. Each individual

was removed at the onset of spawning, and

placed in a separate container where it was al-

lowed to spawn to completion. Matings were then

accomplished by mixing eggs and sperm.
Prior to the addition of sperm, an aliquot of

eggs was removed for a control. These were in-

cubated for 3 hours, and then observed for the

presence of embryos. Matings in which fertilized

eggs were observed in the controls were excluded

from the experiment.
Larvae were cultured in 10 liter containers

maintained at 25±1°C. Water was changed twice

weekly. The cultures were batch fed twice daily
from cultures of Isochrysis galbani. At each feed-

ing, the algal concentration was adjusted to 40,000

cells/ml.

Forty washed oyster shells were added to each
culture 12 days after fertilization. This phase of

culture was continued until setting was com-

pleted. No effort was made to regulate the density
of setting. After setting was completed, excess

spat were removed from cultch which contained

more than 10 oysters. Spat were transported to

Netarts Bay, Oregon, in March 1970, and placed
in fiberglass trays at a density of approximately
500 oysters/m^ where they were maintained until

measured.

Shell measurements were made according to

the convention described by Galtsoff (1964).

Weights were determined to the nearest 0.1 gm us-

ing a Mettler Model PIOOON balance. Before weigh-

ing, shells were cleansed of debris and fouling

organisms, and the meat was carefully removed.

Shell and meat were weighed separately, and
total weight was calculated by summation. Meat

weights were determined as wet weights. There-

fore, the variance of water retention is included

in the environmental component of variance in

the subsequent analysis. Randomization of sam-

ples was facilitated by a table of random digits.

Heritabilities were estimated by analysis of the

variance between and within full sibling groups.
Measurements of offspring from 9 matings were
included in the estimation of heritabilities at 12

months of age, and measurements of offspring
from 11 matings were included in the heritabilities

determined at 18 months. In both experiments
random samples of 15 individuals from each mat-

ing were used. (Standard errors for the herit-

ability estimates could have been reduced by in-

creasing the sample size to 20.)

Computation of variances were accomplished

according to the methods described by Snedecor
and Cochran (1967). (The procedure given in any
standard statistics textbook for analysis of vari-

ance of one-way classifications may be substi-

tuted). The format of the analysis is shown in

Table 2.
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TABLE 2. Analysis of Variance.
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TABLE 3. Heritability estimates and predicted responses to selection for
several attributes of C. gigas.

Heritabilitya
Attribute

Predicted^

Response

Parental

Mean
Percent^

Gain

L (12 mo)
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ABSTRACT

Periodically, floodwaters entering Mobile Bay, Alabama in winter and spring
can lower the salinity to such a degree that oyster populations are affected. Oysters
and oyster drills are killed and oyster setting is inhibited. The effects of low

salinity were studied in 1970 and 1971 by quantitatively sampling oyster reefs and

examining gonadal development. Most oysters surxAved long periods of exposure
to salinity below 3 %. but high mortality occurred on reefs where salinity was

approximately 1 Xo for about 7 weeks. Large errors were found in the box count

method of estimating mortality.

INTRODUCTION

Periodic flooding by major rivers entering
estuaries has been known to kill oyster popula-
tions by exposing them to periods of low salinity

(Butler, 1952; Andrews, Haven and Quayle, 1959).

Additionally, gametogenesis is inhibited in oysters
when they are exposed to low salinity for prolonged

periods (Butler, 1949). Freshets are of particular

importance in Mobile Bay, Alabama since the dis-

charge of the Alabama-Tombigbee river system
entering this shallow enclosed bay is second only
to the Mississippi River along the Atlantic and
Gulf coasts. Seasonal floods in Mobile Bay have

occasionally caused mortality of oysters and may
have contributed to setting failures but these

occurrences have not been well-documented.

A review of the effects of previous floods on

oysters in Alabama was given by May (19711. In

that paper, literature on Alabama floods from
1893 through 1965 was summarized. Reported oys-
ter mortalities were reviewed and it was con-

cluded that although floods were occasionally
harmful, they caused relatively little damage to

oysters in Alabama. The purpose of this study
was to determine the extent of oyster mortality
during floods in 1970 and 1971 and to investigate
the relationship between low salinity and spat
set in Mobile Bay.

METHODS

Salinity was measured in situ with an induction

salinometer at least weekly throughout each low

salinity period. Samples in 1970 were taken over

all major oyster reefs in Mobile Bay. Those in 1971

were taken near reefs at 14 fixed stations located

along the north-south axis of the bay. Isohalines

were constructed by measuring salinity through-
out the estuary for 15 days at the height of the

1971 freshet (Fig. 1). Although the range of values

varied, the pattern of salinity distribution was
similar during both freshet periods. Salinity pat-

terns in 1970 and 1971 were similar to those during

periods of high river discharge in March and

April 1964 and 1966 (McPhearson, 1970).

Oyster mortality was determined by sampling
oyster density at the beginning and end of the

freshets using scuba and random square-yard

quadrats as described by May (1971). The reefs

were checked regularly by dredging to observe

evidence of dying oysters. Samples of 50 oysters
were periodically taken from each reef for histo-

logical examination of gonads.

EFFECT OF FRESHWATER

Freshet of 1970

Floodwaters in 1970 lowered the bottom salinity

on Cedar Point Reef in lower Mobile Bay (Fig.

2) from an average of about 18 %o to 1.8 %o

on 6 April. Salinity on oyster reefs west of the

ship channel averaged below 3 %o for 55 days (1

April through 25 May 1970). Water on oyster
reefs on the east side of the channel remained
below 2 %o and usually below 1 %» during the 55-

day period. Salinity on Klondike Reef was below

67
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FIG. 1. Bottom isohalines in Mobile Bay during the height of the 1971 freshet. Normal average salinity
is indicated by the dashed line.

1 %o during the period and was lower than on any
other reef (Table 1).

Extensive oyster mortality occurred only on
Klondike Reef where 76% of the population died.

Mortality was 26% on Hollingers Island Reef

(Table 2). Oyster density was unchanged on all

other reefs.

Freshet of 1971

Flood conditions in 1971 lasted fi-om early
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FIG. 2. Location of oyster- reefs in Mobile Bay,
Alabama.

February through mid-June. The freshet caused

no significant oyster mortality in spite of a dura-

tion of 135 days. The average bottom salinity on

oyster reefs in the upper two-thirds of Mobile

Bay was 3.3 %» during that period but averaged
5 %o or above on the lower reefs. Salinity occasion-

ally ranged as high as 7.5 %<> in the middle reach

of the bay. Bottom salinity on Point Clear Reef

ranged from 0.5-7.0 "o,, and averaged 2.6 %^ during
the freshet. However, from mid-March through

mid-April 1971 salinity on that reef ranged from
0.5-1.5 %o and averaged 1.0 %o. The oyster density
of 125 U. S. standard bu/ acre on Point Clear Reef

remained unchanged throughout both the 1970

and 1971 freshets.

Elimination of Oyster Drills

Oyster drills (Thais haemastoma) are serious

oyster predators in Alabama and are known to

limit oyster distribution and abundance (May and

Bland, 1970; May, 1971). Freshwater eliminated

drills from all reefs in both 1970 and 1971.

Survival of spat from the limited setting in 1970

was the highest in several years partially because

of the reduction of drills.

Cedar Point is Alabama's major reef and all

oyster production presently comes from there.

Oyster drill density on that reef averaged
1,526/acre in June 1969 and was over 7,700/acre

on some portions. All drills on the reef were killed

by the 1970 freshet but by October 1970 1,162

young drills/acre were found. This new year class

was killed by the freshet in 1971 and there were
no drills on the reef at the end of summer 1971.

The situation was similar on all other reefs where
drills were present.

SjMt Set Failure

The normal temperature-induced setting period
in Alabama is continuous from May through
October with peaks in late spring and early fall

(Hoese, Nelson and Beckert, in press i. However,

spat set is highly eratic in Alabama and in some

years there is a complete setting failure. From
1969 through 1971 significant setting occurred

only during the last two weeks of July 1970.

Flooding of the rivers entering upper Mobile

Bay usually occurs from January through May
(Ryan, 1969). Gametogenesis and spawning is

inhibited by prolonged salinity below 6 %» and a

period of three to four months may be required
after salinity increases for oysters to attain

normal gonadal activity (Butler, 1949). Water

temperature increases in March and averages
about 20°C in April throughout the entire estuary.

Although water temperature is favorable for

maturation of gametes and spawning by late

May, both activities are inhibited by freshwater.

Data in Table 3 illustrate delayed maturation and

spawning, pai'ticularly on reefs in the lower

salinity areas of upper Mobile Bay.
In years when severe freshets occur, the inter-

TABLE 1. Average bottom salinity in %» on oyster reefs in Mobile Bay during a 55-day and
a 135-day freshet in 1970 and 1971 compared to sarnples taken during normal river flow in

July 1971.
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TABLE 2. Comparison of the number of oysters, boxes and half-shells per
acre before and after the 1970 mortality on two reefs in Mobile Bay.

Hollingers Island
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CONCLUSIONS

Oyster populations in Mobile Bay survive long

periods of exposure to salinity ranging from 2-5 %o.

Significant mortalities have not been observed

except when salinities were below 2 %o for several

weeks. Oysters exposed to approximately 1 %» for

4 weeks in 1971 did not die but those exposed to

1 %o for about 7 weeks in 1970 had high mortalities.

Freshwater in 1970 and 1971 eliminated oyster

drills from Mobile Bay reefs which benefited spat

survival. However, low salinity restricted spawn-

ing and was partially responsible for spat set

failures in those years. Large errors would

have occurred in estimating mortahty during

this study if only box counts had been used in-

stead of scuba and random quadrats.
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ABSTRACT

Pacific oysters (Crassostrea gigas) brought into the laboratory for conditioning

studies experienced a high mortality of an unknown origin. Death was related to

high temperature and enriched seawater from cultured algal food. Oysters in sea-

water at 9°C had no tnortalities; lJt°C -- 2% mortality; and 21°C - 100% mortality.

Oysters periodically transferred between 9 and 21°C showed reduced mortalities.

Deaths were four to five times greater in nutrient enriched seawater. Spawned
oysters in non-enriched seawater had an increased mortality.

Presumably, death resiMed from a bacterial proliferation. Gram-negative bacteria

identified as mesophilic vibrios ivere monitored at 9 and 21°C in the oysters and

seawater. Histologically, cellular responses, tissue pathology and bacteria in the

tissues increased progressively with a rise in temperature. It is speculated that

there may be a connection between the laboratory deaths and some of the summer
Pacific oyster mortalities in Washington State.

INTRODUCTION

Recently mass mortalities of Pacific oysters,

Crassostrea gigas (Thunberg), have occurred in

Japan (Fujita et ah, 1953, 1955; Takeuchi et al.,

1955, 1956, 1957; Imai et al, 1965; Kan-no et al.,

1965; Mori et al., 1965 a, b; Numachi et al., 1965;

Tamate et al., 1965) and in some of the United
States west coast growing areas in California

and Washington (Woelke, 1961; Sindermann and

Kosenlield, 1967; Sparks et al, 1967; Katkansky,

1 Contribution No. 367, College of Fisheries Uni-

versity of Washington.

2 This study was supported in part by NSF
Grant GH-40, under the Sea Grant Program. The
Sea Grant Program is now maintained under

NCAA, U. S. Department of Commerce.

3 The work reported here was part of a thesis

submitted by the senior author to the Graduate

School, University of Washington, in partial
fulfillment of the requirements for the Master
of Science degree.

1969'', 1970 5; Scholz, et al, 1970; Sindermann,

1970; Westley and Scholz, 1970*) which are large-

ly dependent on imported seed stock from Japan.
The tentative conclusion is that the mortalities

are similar, both due to physiological stress re-

sulting from heavy gonadal formation and incom-

plete spawning and not due to some pathogenic

organism.

4 Katkansky, S. 1969. Summary notes of Steering

Committee for Pacific Coast Oyster Mortality

Investigations. Eureka, California. Nov. 18-19.

(Mimeograph report of the U. S. Bureau of

Comm. Fish.).

5 Katkansky, S. 1970. Why do oysters die in Hum-
boldt Bay. Presented to Steering Committee for

Pacific Coast Oyster Mortality Investigations.

Portland, Oregon. Oct. 26-27. (Mimeograph re-

port of U. S. Bureau of Comm. Fish.).

' Westley, R. E. and A. J. Scholz. 1970. Pacific

oyster mass mortality study. State of Wash.

Dept. Fish, to U. S. Bur. Comm. Fish. Quarterly

Progress Report. July 1 — Sept. 30. (Mimeo-

graph report.)
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Pacific oysters were brought into the laboratory

to determine the requirements for maintaining

their high glycogen content throughout the sum-

mer months. Initially, this was attempted by de-

laying or suppressing the development of sex

products with low temperatures. However, due to

an unexplained high mortality, the gonadal sup-

pression study was discontinued.

An investigation was initiated to determine if

a specific organism was associated with the

mortalities. The investigation was conducted by:

1) determining the relationship of temperature

and enriched seawater to the mortalities; 2)

monitoring bacterial counts of oysters and sea-

water; and 3) examining, histologically, oyster

tissues for microorganisms, cellular responses

and tissue pathology.

MATERIALS AND METHODS

Adult Pacific oysters, C. gigas (Thunberg),

caught as seed (summer, 1968) in Dabob Bay,

Hood Canal, and reared in Burley Lagoon, Purdy,

Washington, were transferred into the laboratory

at Big Beef Creek Research Station during April-

August, 1970. The oysters were 9-13 cm in length.

Seawater from Hood Canal at Seabeck, Washing-

ton, was renewed in the tanks every 48 hr and

the salinity ranged from 19-27 %». The water was

saturated with oxygen at all experimental

temperatures.
The oysters were kept in recirculating salt-

water aquaria. Each unit consisted of a fiberglass

tank (46 gal), a pump for water circulation and

a thermostat for regulating water temperature.

Temperatures of 9, 14 and 21°C (±1°C) were

maintained in separate tanks with glass immer-

sion heaters and cooling unit.

The oysters were held on racks suspended in

the tanks. Each rack assembly held 18 oysters.

Pacific oyster larval toxicity bioassays (Woelke,

1967) conducted on the plastic racks by the

Washington State Department of Fisheries, Shell-

fish Laboratory at Brinnon, Washington, were

negative.
Food was supplied by growing the naked flagel-

late, Monochrysis lutheri, in a continuous algal

culture unit modified from a system developed at

the University of Washington, College of Fish-

eries, by Taub and Dollar (1968). A complete de-

scription of the apparatus is given by Lipovsky

(1971)7.

Each tank had a separate algal culture unit.

The culture flow into each tank was 300 ml/hr at

a concentration of 10^ cells/ml. The concentration

of algal cells in the incoming seawater and in

the aquaria receiving and not receiving the

culture overflow was 10^-10^ cells/ml.

The nutrients for algal growth were met with

a modified Davis media (Davis, 1960 8). The un-

utilized nutrients and other components in the

algal culture overflow are defined as enrichment.

Seawater receiving the algal culture overflow is

designated as being enriched.

As part of the design of the mortality experi-

ments, no attempt was made to acclimate oysters

to experimental temperatures. Unless noted, 320

oysters were used in each experiment, 160/tank,

and the algal culture overflow was supplied each

tank. An oyster was counted as a mortality when
removal from the water resulted in gaping or

upon being tapped, emitted a hollow sound. Oys-

ters sounding hollow usually gaped within 24 hr.

A check for mortalities was made at least twice

each day.

Experiment I-A: Varying Periods of Daily Ex-

posure in Enriched Seawater at 9 and 21°C

Oysters were brought into the laboratory in late

April from 12°C seawater and divided into four

groups of 80 oysters. Each group was exposed for

varying periods at 9 and 21°C and deaths were

related to the exposure time at the two tempera-
tures for a period of 20 days. The exposure time

of each group was; Group I - 24 hr a day at

21°C; Group II 16 hr at 21°C and 8 hr a day at

9°C; Group III - 8 hr at 21°C and 16 hr a day at

9°C; and Group IV - 24 hr a day at 9°C. The algal

culture overflow was added to each tank.

Experiment I-B: Oysters in Enriched Seawater at

21°C after Previous Exposiire at 9 and 21°C

At the end of 20 days, equipment failure neces-

sitated holding all oysters at 21°C. The oysters

were kept at this temperature for another 28 days.

Experiment II: 2Jf Hr Delay in Enriched Sea-

water before Exposure at 9 and 21°C

Oysters were transferred from 15°C seawater

in early June. Experimental conditions were the

same as in Experiment lA with the exception that

the oysters were held in the tanks 24 hours before

starting the exposure period. During this time,

Groups I and II were at 21°C and Groups III and

IV at 9°C. The monitoring period was for 30 days.

7 Lipovsky, Vance P. 1971. "Mortality of Pacific

Oysters, Crassostrea gigas (Thunberg). I. The

Influence of Temperature and Enriched Sea-

water on the Oyster-Bacteria Relationship." 45

pp. Master's Thesis. Univ. Wash., Coll. Fish.,

Seattle, Washington.

8 Davis, H. C. 1960. Seawater enrichment medium.

Mimeographed instructions. U. S. Bureau Comm.
Fish. Biol. Lab., Milford, Conn.
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Experiment III: Oysters in Enriched and No7i-en-

riched Seawater at 21°C
Oysters from 17°C seawater in late June were

maintained in two tanks at 21°C for 20 days. The
algal culture overflow was supplied only one

group of oysters to test its effect on the

mortalities. The other group received no enrich-

ment beyond that naturally occurring in the sea-

water.

Experiment IV: Spawned Oysters in Non-en-
riched Seawater at 21°C

The experiment was intended as a repeat of

Experiment III. However, during the experiment,
an unexpected spawning occurred in the oysters
not receiving the algal culture overflow. The
accumulation of sex products in the tank neces-

sitated changing the water at regular intervals

until spawning ceased. The experiment was ter-

minated on the 23rd day.

Experiment V: Oysters in Enriched Seawater at

H and 21°C

One-hundred-and-sixty oysters were brought
from 20°C in early August and held at 14°C for

7 days. At the end of this period, one-half of the

oysters was removed from 14°C and held at 21°C.

The experiment continued for an additional 17

days. The algal culture overflow was supplied
each group of oysters.

Oysters were shucked, fixed in Davidson's for

24 hr, placed in 50% ethanol for 24 hr and stored

in 70% ethanol. All specimens were dehydrated,
embedded in paraffin and sectioned at 7 u.

Sections were stained with Mayer's hematoxylin
and eosin for routine examination, MacCallum-

Goodpasture stain for Gram-positive and Gram-
negative bacteria, and Alcian blue for bacteria.

Of the 320 oysters in each experiment, 80 were
presei-ved and 40 were sectioned and stained. No
samples were taken of Experiment IV.

Bacterial work was done by John Baross of the

Institute for Food Science and Technology, Col-

lege of Fisheries, University of Washington, using
methods previously described (Baross and List on,

1968 1. Samples were taken of live oysters and

laboratory seawater at 9 and 21 °C and the source

of seawater in Hood Canal. Bacterial counts of

oysters and seawater at 14°C and algal culture

media were not obtainable because of processing
difficulties. In view of previous studies done in

the area from which the oysters were taken
(Baross and Liston, 1970), identification was
limited to the genus Vibrio.

RESULTS

Experiment I-A: Varying Periods of Daily Ex-

posure in Enriched Seawater at 9 and 21°C
The mortality patterns as related to the exposure

Temperoture Exposure

Doys
12 16 20 4 12 16 20 24

12 16 20 24 28 32 36 40 44 48
Total doys

FIG. 1. A. Cumulative mortality for varying
periods of daily expos%ire in enriched

seawater at 9 and 21" C.

B. Cumulative mortality for uniform ex-

posure in enriched seawater at 21°C
after varying periods of daily ex-

posure at 9 and 21° C.

periods at 9 and 21°C are in Figure lA. No
mortalities occurred in Group IV throughout the

20-day period. In contrast. Group I had a cumula-
tive mortality of 99%. Groups II and III experi-
enced death rates of 79% and 53%, respectively.
An initial sharp increase in mortalities for the

first 8 days was shown by Group I, 93%, and

Group II, 71%. The deaths then leveled off and
increased only 6% and 8% for the next 12 days.
Mortalities in Group III rose at a constant rate

before leveling off at 537r on the 18th day.

Experiment IB: Oysters in Enriched Seawater at

21°C after Previous Exposure at 9 and 21°C
The surviving oysters of Experiment lA held

at 21 °C showed a definite mortality trend after

an initial lag period (Fig. IB). Group II with a

797f mortality increased only 7% in the first

23 days before rising 12% in 4 days; Group III at

53% rose 4%^ after 12 days and then increased

23% in 7 days; Group IV, having experienced no

previous mortalities, showed no deaths until the

4th day at which time the mortalities rose to

80% in 25 days; Group I, 997r, had no change.

Experiment II: 2It Hr. Delay in Enriched Seawater

before Exposure at 9 and 21°C
The effect of the 24 hr delay was apparent in

Group II oysters (Fig. 2). Groups I (100%), III

(60%), and IV (0%,) exhibited mortahties com-
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the tissues. Gram-negative bacteria and necrotic,

bacterial-laden phagocytes were concentrated in

the stomach, intestine and a few blood vessels.

Gram-negative bacteria were observed in the

gastric shield, which was in the process of disinte-

grating.

Bacterial Counts and Identification

Mesophilic vibrios isolated from live and dead

oysters and seawater at 9 and 21 °C were identified

as Vibrio parahaemolyticiis (Baross, personal com-

munication) and reported as such by Lipovsky and
Chew (1971). However, due to a refinement of

identification procedures, the oacteria are present-

ly classified only as mesophilic vibrios.

Counts of the mesophilic vibrios at 9 and 21 °C'

in the oysters and seawater were: 9°C - 10/g of

oyster and 5/ml of seawater; 21°C - 8 X lO^/g of

oyster and 4.4 X lOVml of seawater. Mesophilic
vibrio counts of the source of seawater were less

than 5/ml. Total count of all bacteria in the sea-

water at 21-C was 5 X lOVml.

DISCUSSION AND CONCLUSIONS

A. Factors Influencing Mortalities

Temperature
Mortality patterns indicate that survival was

directly related to the temperature of the sea-

water in which oysters were held (Figs. 1-5). Pre-

vious temperature exposure also seems to be a

factor in governing mortalities (Fig. 1). Oysters in

Group IV, when exposed continuously at 21 °C
after a conditioning period of 20 days at 9°C,
showed a lower mortality rate (Fig. IB) than a

corresponding group exposed at 21 °C without a

prior conditioning period (Fig. lA).

Enriched Seawater

Oysters in 21 °C seawater enriched by the algal
culture overflow experienced mortalities approxi-

mately four to five times greater than oysters in

non-enriched seawater at the same temperature
not receiving the overflow (Fig. 3). Oysters that

had spawned in non-enriched seawater were an

exception (Fig. 4). After spawning, the mortality
leveled off below that occurring in the enriched

seawater. Little effect was apparent at 9 or 14°C

(Figs. 1, 2 and 5).

B. Cellular Responses and Tissue Pathology
For any physiological process, there is an

optimum temperature, below or above which, the

maximum rate is decreased. This temperature-
dependency of the oyster seems to have accounted
for the low level of activity at 9°C. At low

temperatures, the rate of cellular response is

greatly reduced (Ledingham, 1908; Fenn, 1922;

Ellingson and Clark, 1942; Tripp, 1958a, b). How-
ever, though proceeding at a slower rate, the

efficiency of the response is greater than at higher
temperatures. At temperatures of 14 and 21°C,

activity in the oysters increased progressively.
Cellular infiltration, phagocytosis, occlusions and
brown cells, accompanied by tissue necrosis, re-

present defensive responses in the oyster.
The green patches consistently seen in dying

and dead oysters at 21°C and a few healthy ap-

pearing oysters at 14°C are thought to be a reac-

tion to disease or an abnormal condition. Histo-

logically, the coloration coincided with concentra-

tions of hemocytes just under the mantle

epithelium. Boyce and Herdman (1897) observed
similar colorations in a diseased condition of the
American oyster. Such a condition was hypothe-
sized to represent a degenerative reaction in which
an increase of leucocytes was accompanied by a

large deposition of copper. Lankester (1886)

found that gills of green oysters were covered
with green-colored granular "secretion cells." Later
Lankester (1893) reclassified them as "out-

wandered phagocytes." Ruddell (1969)9 was con-

sistently able to induce "green mantles" in oysters

by permitting oyster tissue to putrify in contact
with the mantle of a second "host" oyster. Histo-

logically, green mantles were characterized by the

presence of large numbers of copper bearing
amoebocytes in the process of migrating across
the epithelium or already collected on the out-

side.

C. Possible Causes of Mortality

The most relevant factors causing mortalities

are: (1) water quality, (2) physiological stress,

(3) an adverse effect from the algal culture over-

flow and (4) a bacterial infestation.

Water Quality
Because the water was not renewed for 48 hr,

the metabolic wastes excreted by the oysters and
the accumulation of bacterial metabolites must be

considered to have attributed to the mortalities.

The build-up of toxic substances might have been
the cause of death or created conditions vvhich

stressed the oyster, thus allowing for bacterial

invasion and subsequent death. Also, the source

of seawater may have been contaminated with a

substance deleterious to the oyster. However, our

observations do not support this contention.

Physiological Stress

Since the oysters were not acclimated to labora-

tory conditions, physiological stress resulting
from "temperature shock" must be considered.

' Ruddell, C. L. 1969. "A Cytological and Histo-

chemical Study of Wound Repair in the Pacific

Oyster." 134 pp. Doctoral Thesis. Univ. Wash.,
Coll. Fish., Seattle, Washington.
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Loosanoff (1945i has commented that a direct

transfer of a closely related species of oyster

(C. I'irginicu) from cold water, 0°C. to that of

30-C appeared to cause injury and sometimes
death. However, the Pacific oysters were taken

from temperatures of 12-20 C and placed in the

laboratory at 21°C which would not seem great

enough to cause death by shock. This is partially
substantiated by the fact that the oysters at 21°C
showed similar mortality patterns throughout the

experiments (Figs. 1-5), regardless of the tempera-
ture from which they were transferred. Also, the

authors have brought oysters for conditioning
from 3°C water and placed them directly in water
of 20°C without any subsequent mortalities.

Adverse effect

The assumption may be made that the mor-
talities were caused by some ingredient in the

algal culture overflow. Deaths were four to five

times greater in oysters receiving the overflow
than in oysters not receiving the overflow (Fig. 3).

Composition of the overflow consisted of algal
cells and their extracellular products, spent Davis

medium, seawater and probably bacteria in the

growth cultures.

It has been shown that adult bivalves

(Loosanoff and Engle, 1947) and their larvae can
be killed by a heavy concentration of algal cells,

by the filtrate of certain algal cultures, or by a

combination of the two (Loosanoff et ah, 1953).

Dense concentrations of algae can interfere

mechanically with the pumping process of the

gills. Considering the cell size of M. lutheri, 6-10
jx,

algal cell concentrations of 10^ to 10^ cells/ml do
not appear to be dense enough to clog the gills.

Examination of the gills showed no large num-
bers of algal cells imbedded in the gill mucus.
Though some algae may produce external

metabolites which have a harmful effect on oys-

ters, toxic algal metabolites can be excluded.

M. lutheri does not produce a toxin and is con-

sidered one of the best foods for culturing bivalve
larvae (Davis and Guillard, 1958). Davis medium
is used routinely for culturing algae as food for
bivalve larvae. Another basis for not suspecting
the overflow is that deaths were experienced when
no overflow was added (Fig. 3). Also, mass die-

offs occurred only at 21 -'C, in spite of the fact

that the overflow was being added at 9 and 14°C
(Figs. 1, 2, and 5). The seawater has been dis-

cussed previously.
Bacterial populations in the algal production

units could have attributed to the mortality.
Murchelano and Brown (1969) identified 120
bacterial isolates from mass cultures of six

different algae but made no mention of any
pathogens. Heller (1970) lo reported on the utiliza-

tion of the extracellular products of M. lutheri by
bacteria and showed that higher bacterial num-
bers were maintained in seawater containing
Davis medium and/or algal supernatant than on
seawater alone. Addition of the medium and super-
natant to the seawater apparently provided a

utilizable bacterial substrate, possibly in the form
of phosphates, vitamins and extracellular algal

products, that promoted bacterial growth. Thus,
in our opinion, the addition of the algal culture

overflow, which included spent Davis medium,
extracellular algal products and bacterial popula-
tions to the seawater, would have enhanced
bacterial growth in the tanks.

Bacterial Infestation

Death appears to have been the result of a

generalized, bacterial proliferation which in-

creased progressively with a rise in temperature.
At 9°C, bacterial growth was suppressed. This is

verified by the low bacterial counts in the oysters
and seawater and by the small number of
bacteria observed in the tissues. Cellular re-

sponses of the oysters at 9°C were not unusual.

However, at 14 °C a definite change was noticed.

Though no bacterial counts were made, increased
numbers of bacteria observed in the tissues indicate
an increase in the bacterial population. Cellular re-

sponses and tissue changes observed are considered
to be associated with disease. Though only a 2%
mortality (Fig. 5) was recorded, it is felt that the

oysters had some degree of difficulty in surviving.
A near 100% mortality (Figs. 1-5) at 21 °C sug-
gests conditions were such that the oysters suc-

cumbed to the bacteria, though this can only be

speculated at this time. Presumably in non-en-
riched seawater at 21°C, oysters had a lower mor-
tality because of the limited availability of suit-

able nutrients necessary for rapid bacterial

growth. However, this remains to be proven.
Physiological stress due to gonadal formation

apparently had little, if any, effect on the mor-
talities. Oysters died at the same rate whether in

early or late stages of sexual development. The
increased death rate of spawned oysters in non-
enriched seawater (Fig. 4) may be attributed to
a weakened condition brought on by spawning.
The stress produced during spawning may have
increased the susceptibility of the oysters to the
bacteria. Another possibility Is that the spawn
released in the water may have provided a
nutrient source utilized by the bacteria for rapid

10 Heller, J. 1970. "The Extracellular Products of

Monochrysis lutheri and Their Utilization by
Bacteria." 83 pp. Master's Thesis. Univ. Wash.,
Coll. Fish., Seattle, Washington.
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reproduction which resulted in the death of the

oysters.

The results of this work are similar to those

of Feng's (1966) in which survival of oysters chal-

lenged with a bacterium (probably Pseudomonas)

was dependent on the ambient temperature. At

temperatures of 9 and 16°C, the infection was

successfully controlled, but at 23°C oysters were

unable to survive.

The inability of the oyster to combat the

bacteria is not surprising. Bang's ( 1961 ) studies

on in vitro phagocytosis of marine bacteria dem-

onstrated that phagocytosis is not consistent.

Feng and Stauber (1968) after experimenting
with Hexamita and reviewing earlier works stated

that "neither attrition, nor phagocytosis, or

leucocytosis seems to be effective in the elimina-

tion of microorganisms that are potentially

pathogenic to the oyster."

Marine vibrios have been found to constitute

a major portion of the natural bacterial flora of

the Pacific oyster (Colwell and Liston, 1960).

Studies by Baross and Liston (1970, 1971) on the

distribution of the marine vibrios, V. alginolyticus,

V. anguiUarum, and V. parahaemolyticus, have
found these vibrios in Pacific oysters. The highest

prevalences were associated with high water

temperature and organic nutrients.

The pathogenicity of a specific vibrio or group
of vibrios for adult oysters remains unresolved.

Tubiash et al. (1970) identified V. alginolyticus

and V. angidUaruin as responsible for laboratory
mortalities of larval bivalves but experiments
with adult oysters produced no mortality.

Due to the nature of the study, one of associa-

tion, no conclusive proof of a bacterial pathogen
has been provided. The amount of bacteriology

performed was minimal and only serves to in-

dicate an increase in bacterial populations. Since

identification was limited to only a single genus,
ii is very possible that another bacterium or

groups of bacteria may be implicated with the

deaths. The presence of bacteria in the tissues

does not establish them as the etiological agent

responsible for the mortality, as moribund or

stressed oysters are thought to be readily sus-

ceptible to invasion. If this is the case, the

bacteria would be no more than secondary in-

vaders.

Though bacteria are thought to be responsible,

it is more likely that a combination of factors

influenced the mortality. Elevated water tempera-
tures, increased nutrient content of the seawater
and possibly low water exchange resulting in toxic

metabolite build-up created conditions favorable

for rapid bacterial multiplication and placeri d.

stress on the oyster.

D. Implications of the Study

Initially, we did not intend to relate our study

with the summer Pacific oyster mortalities that

occur in Washington State. However, during the

course of the experiment, it became apparent
that there may be a relationship between the

laboratory deaths and some of those in the field.

Although no conclusive evidence has been

presented to show that bacteria, presumed re-

sponsible for the laboratory deaths, are the

cause of oyster mortalities in this area, similari-

ties between the two groups are noted:

1. The temperature for mortalities in the labora-

tory was between 14-21°C; in the field, mass
mortalities usually occur above 18°C.

2. Both mortalities appeared to be associated

with increased nutrient levels in the water.

3. Mortalities were among 2-year-old oysters
in the laboratory; in the field, extensive mor-
talities occur among 1-year-plus oysters.

4. In the laboratory, spawning oysters had in-

creased death rates; in the field, a significant

mortality can be produced when oysters are

moved from an area characterized by no

spawning to an area where spawning nor-

mally occurs.

Future studies will attempt to determine if

laboratory deaths have any relation to some of

the summer Pacific oyster mortalities in Wash-
ington State. Investigations will focus on bacterial

isolation and identification and on environmental
conditions in which the commonly regarded non-

pathogenic bacterial flora of the oyster may cause

disease and death.
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ABSTRACT

Minchinia nelsoni was detected in oysters (Crassostrea virginica) in Wellfleet

Harbor, Massachusetts, but was not found in oysters from 12 adjacent areas in the

state. The finding is an extension of the geographic range of this parasite. Know-

ledge of shellfish management practices, substantiated by histological study of

native and imported oysters, suggests that M. nelsoni was established in the Well-

fleet Harbor oyster population through introduction of diseased oysters from other

areas.

INTRODUCTION

The geographical distribution of Minchinia nel-

soni (MSX), one of the most important parasites

of the American oyster {Crassostrea virginica),

is of considerable importance to the scientific

community, industry and state conservation

agencies that attempt to manage existing oyster

stocks for maximum yield. The haplosporidan M.

nelsoni has a reported range from North Carolina

to Connecticut (Sindermann and Rosenfield, 1967)

and has caused severe losses of shellfish in Del-

aware Bay and in lower Chesapeake Bay. Within

this range of infection there are specific areas

where oysters are free of the parasite or where

the disease exists in a state of transient low level

Infections (Andrews and Wood, 1967; Sieling,

Otto, and Rosenfield, 1969). The waters of Mass-

achusetts have been considered free of M. nelsoni,

but a recent histopathological survey of oyster

from Massachusetts and knowledge of industry

management practices in Wellfleet Harbor strong-

ly suggest that the parasite became established

through the introduction of oysters from an M. nel-

1 Present address: Marine Protein Corporation,

Tavernier, Florida 33070.

2 The Commonwealth of Massachusetts, Division

of Marine Fisheries, Sandwich, Massachusetts

02563.

soni epizootic area. The geographic spread of M.

nelsoni by introduction of infected oysters from

Delaware Bay to Chesapeake Bay has been sug-

gested by Andrews and Wood (1967). The in-

troduction of Minchinia costalis into California

waters with a shipment of C. virginica from the

east coast has occurred recently (Katkansky, per-

sonal communication). Management practices

based on knowledge of the distribution of M.

nelsoni can reduce losses to commercially im-

portant shellfish resources.

METHODS

Oysters were collected from several sources in

Massachusetts (Table 1) and sent live to the

Oxford, Md. laboratory for histopathological ex-

amination. The oysters were opened, examined

for condition and gross signs of disease, and

fixed in Davidson's fixative for histological pro-

cessing (Farley, 1968). Fixed tissues were

embedded, sectioned at 6
yx

and stained with

Ziehl's fuchsin-Harris' hematoxylin eosin (Farley,

1965). Stained sections were examined for oyster

parasites, pathology and cellular responses.

Oysters ranged from 1.8-15.4 cm in length and

were taken from waters with salinities ranging

from 18-32 %«. The range in mean monthly

salinities in Wellfleet Harbor during 1969 was

27.5-32.3 %o.

83



84 G. E. KRANTZ, L. R. BUCHANAN, C. A. FARLEY AND H. A. CARR

TABLE 1. Sources of oysters examined for Minchinia nelsoni.
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ABSTRACT

The caloric values of sjnall (less than 20 g whole weight! and large (greater than

50 g whole weight) oyster bodies were determined using a Phillipson Microbomb

Calorimeter. An average caloric value of 5.066 ± 0.151 kcal/g dry weight ash free

was deterynined for intertidal oysters. Small intertidal oysters showed no significant

changes in caloric value. Large intertidal oysters had a significant maximum value

in late July followed by low values in the fall. The fluctuations in the caloric value

of large intertidal oysters probably are due to the reproductive period of the

organism.

INTRODUCTION

The caloric value of organisms occasionally

fluctuates with seasonal environmental change

(Schindler, Clark and Gray, 1971). These varia-

tions in caloric value are probably related to

biochemical changes accompanying the reproduc-

tive cycle of an organism. Giese (1968), in a review

paper on the annual reproductive cycles of marine

invertebrates, stated that the gonad is the center

of most biochemical change during reproduction.

Such fluctuations in caloric value influence pro-

ductivity and standing crop estimates in ecological

energy flow studies. Since the American oyster,

Crassostrea virginica (Gmelin), is an important

component of most estuaries in the southeastern

United States, information on the fluctuation of

the caloric value of this species would aid in the

development of energy models for estuarine

ecosystems.

MATERIALS AND METHODS

Intertidal oysters were collected on seven

separate occasions varying from one to two
months apart. Subtidal oysters were collected on

three of these occasions for comparison. Oysters
of different sizes were scrubbed and the whole

I This study was supported by a Belle W. Baruch
Predoctoral Fellowship in Marine Ecology.

weight of each was determined. Oysters exceeding

50 g whole weight were considered large oysters,

while oysters less than 20 g whole weight were

assumed to be small. The oysters were opened and

the bodies dried to a constant weight in an oven

at 60 °C.

The total number of kcal/g dry weight, ash free

of oyster bodies was determined using a Micro-

bomb Calorimeter, described by Phillipson (1964).

In each determination, five dry bodies from the

small and large samples were ground up. The

resulting powder was mixed, and five pills were

made in a pill press. These pills were weighed;

then they were burned in the bomb calorimeter.

The number of kcal/g was computed from the

amount of heat generated in the burn. The

unburned portion and the ash were subtracted

from the initial pill weight to derive the kcal/g

ash free value.

Tlie statistical treatments used in this study

foUow the methods of Steel and Torrie (1960).

The caloric values of samples were considered

significantly different if their 95% Confidence

Intervals (C.I.) did not overlap.

RESULTS

The caloric values of small intertidal oysters

showed no significant fluctuations (Table 1). The

caloric values for large intertidal oysters show a
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TABLE 1. Seasonal kcal/g ash free values of the body
tissues of small and large intertidal oysters.
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ABSTRACT

This paper summarizes radioecological stiidies conducted by the authors and
reviews selected literature concerning the use of radionuclides in oyster research.

Major uses of oysters in radioecological studies which are discussed here are 1)

the determination of the effects of radiation on the larvae of the Pacific oyster,

Crassostrea gigas, and 2) the distribution of radionuclides in the environ^nent as

indicated by molluscs.

Uses of radio7iuclides in oyster research which are discussed here are 1) depura-
tion studies using radionuclides; 2) the use of radionuclides as metabolic tracers; 3)

determination of filtration and feeding rates, using radionuclide-tagged algae; If)

deterininaiion of shell formation and growth rate; 5) radionuclides as a field tag;
6) trace element determination by activation analysis; and 7) genetic studies using
radiation-increased mutation rates.

INTRODUCTION

Radioecologists using molluscs in their studies

gain important information on the distribution

of radionuclides in the environment and in the

organism. The effects of ionizing radiation, both

as an independent stress and as a stress interact-

ing with other environmental stresses, may also

be studied using molluscs as the test organism.
Shellfish biologists may advantageously use radio-

nuclides for many of their research studies. Radio-

ecological techniques using radionuclides are
often simpler, faster and give more precision than
do other techniques (Seymour, 1958). Since ioniz-

ing radiation is potentially dangerous to the test

animal, man and the environment, precautions
must be taken when working with ionizing radia-

tion in any of its forms to protect man and the
environment from contamination and excessive

exposure to radiation.

A. Radiation Effects
The embryo and larvae of the Pacific oyster,

' Operated by the University of Washington under
Contract No. AT ( 45-1 ) -2225-Tl with the U. S.

Atomic Energy Commission.

Crassostren gigas, are excellent subjects for deter-

mining the effects of radiation on early develop-

mental stages of organisms. The gametes may be

obtained in the laboratory, using simple techniques

to induce spawning (Loosanoff and Davis, 1963).

Furthermore, large numbers of embryos of a

known age can be obtained from one pair of

oysters, minimizing genetic variability within an

experiment. The fertilized embryos also respond
in a quantifiable manner to both acute and
chronic radiation stresses (Nelson, 1968).

The bioassay method used in our study was

adapted from a procedure developed by Woelke
(1960) to determine the effects of sulfite waste

liquor on oyster larvae. The procedures are, brief-

ly, as follows; Mature oysters are conditioned for

spawning by water temperature manipulation.
The oysters are induced to spawn by the addition

of a sperm suspension, and the gametes obtained

are divided into control and experimental lots.

Experimental lots are exposed to a radiation

stress before and/or after fertilization. All lots

are then reared for 48 hr, at which time the ex-

periment is terminated and the larvae preserved.

Oyster larvae can be exposed to radiation either

from radionuclides in the water in which they
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REARING TEMPERATURE

FIG. 1. Effect of temperature and sinc-65 concen-

tration of the rearing water on the frequency of

abnormal oyster larvae.

are living or from a point source of radiation

such as X-rays or radionuclides in solid form.

Typical results obtained when oyster larvae are

reared in water containing radionuclides are

shown in Figure 1 (Nelson, in press) which dem-

onstrates one effect (incidence of abnormal

larvae) of various radioactive zinc (^szn) concen-

trations after 48 hr of exposure to developing

embryos. Rearing larvae in a sszn concentration

of 10-* Ci/liter^ resulted in a significant increase

in abnormal larvae as compared to lesser ^szn

concentrations and the controls. A ^^Zn concen-

tration of 10-* Ci/ liter gave a dose of about one

rad in 48 hr. The concentration of ^^Zn in water

necessary to produce a harmful effect on oyster
larvae (lO-* Ci/liter) is ten million times greater
than the maximum value found in Willapa Bay,
an oyster-growing area with unusually high con-

centrations of 65Zn. Naidu (1963) has reported
values of 65Zn in Willapa Bay water that ranged
from 6x10" to 11x10-'^ Ci/liter. The present values

of 65Zn and of other Hanford-produced radio-

nuclides in Willapa Bay are much lower than

those reported in 1963, because all of the eight

original plutonium production reactors that were
in operation at that time have been shut down.

Studies of the effects of irradiating adult oys-

ters have been conducted by workers in other

laboratories; Price (1962) exposed the American

oyster, C. virginica, to s^co irradiation and esti-

mated the dose that was lethal to 50% of the

exposed group after various time periods. White
and Angelovic (1966), using Price's data, found
that the oyster was relatively resistant to radia-

2 A curie (Ci) is that quantity of a radionuclide

containing 3.7 x 10'" disintegrating atoms per
second.

tion effects prior to 25 days after irradiation, but

from 25-50 days oysters were much more radio-

sensitive. They concluded that LD5o/3o(day) values

as indices of a species radiation tolerance were

unreliable.

Mix (1970), in a recent study on the histopatho-

logical effects of ionizing radiation on the Pacific

oyster, C. gigas, also felt that LD5i)/3o(day) values

as measurements of radiosensitivity were unreli-

able, since he found that mitotic inhibition by
irradiation leads to chronic and irreversible de-

generation of tissues which may not cause death

until months after irradiation. An extensive re-

view of the effects of ionizing radiation on other

adult molluscs has been presented by Ravera
(1969).

B. RadionucJide Distribution in the Environment

Oysters have been used as biological indicators

of (1) the distribution of fallout radionuclides

(Fitzgerald and Skauen, 1963; Alexander and

Rowland, 1966; Wolfe, 1970a); (2) the distribu-

tion of radioactive effluents from nuclear reactors

(Seymour, 1966; Jefferies and Preston, 1969;

Naidu and Seymour, 1969); and (3) the distribu-

tion of experimentally controlled additions of

radionuclides within and between trophic levels

in natural and laboratory aquatic systems (Duke,

Willis, Price and Fischler, 1969; Pomeroy,
Johannes, Odum and Roffman, 1969).

For these studies, oysters and other organisms
are collected periodically and analyzed for their

radionuclide content. The changes in radionuclide

values with time and by species indicates the

pathways and distribution of radionuclides in the

aquatic environment.

RADIONUCLIDES IN OYSTER STUDIES

A. Depuration Studies

Studies on the purging rates of oysters con-

taining a variety of contaminants (i.e., bacteria,

metals, pesticides) may be conveniently made
using radionuclides. The contaminant to be studied

is tagged (i.e., bacteria or pesticides) with a

radionuclide, or a radioactive form of the con-

taminant (metal — ^^zn, ^osHg) is used. These
radioactive contaminants are taken up by the

oyster either directly from the water or by ingest-

ing radionuclide-tagged algae and the living oys-

ters monitored periodically to determine the loss

rate of the contaminant.

Bito and Takase (1963) fed yttrium-90 (SOY)

and mercury-203 ('"'^Hg) labeled E. Coli to oys-

ters to determine the method and time required
for decontamination of oysters containing un-

desirable bacteria. The major advantage of using

radio-tagged contaminants is that continuous
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monitoring of the contamination level is possible

without sacrificing the animal.

One study conducted by our laboratory (Sey-

mour and Nelson, in press) measured the loss of

65Zn by adult Pacific oysters, C. gigas. From these

values the biological half-life, in days, for zinc

was calculated (b = 245e/245-e, where b = bio-

logical half-life, 3 e = effective half-life, "* and
245 = physical half-life^). After direct uptake of

65Zn from water in laboratory aquaria, the oys-

3 The time required for one-half of a substance

to be lost from the body as a result of bio-

logical processes.

^ The time required for one-half of a radionuclide

to be lost from the body as a result of bio-

logical processes and physical decay of the

radionuclide.

5 The time required for one-half of a given num-
ber of radioactive atoms to undergo decay.

ters labeled with ^^7.r\ were returned to their

natural bed. At monthly intervals from January
1969, to the present time (^une 1971) they have

been returned to the laboratory for measurement
of 65Zn in the individual oysters.

To facilitate ease in computation, the biological

half-life was estimated for three periods when
the rates of loss were essentially exponential: (1)

the first 23 days that the oysters were on the

natural bed (days 6-29 of the experiment), (2)

the period from mid-July to mid-November for

oysters that may have spawned in the summer,
and (3) the remainder of the year. Results of the

65Zn experiment are shown in Figure 2, The aver-

age effective half-lives for the three periods were

120, 96 Hi 200 days, respectively, and the corre-

sponding biol 'ical half-lives were 250, 160 and

970 days.
A similar experiment in which the oysters were

labeled with meroury-203 (^"^Hg) but was only

132 days in duration and was conducted prior to the

spawning season provided data from which the
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biological half-life values for mercury for four

periods when the rates of loss were essentially

exponential — day 1-2, 2-9, 9-31 and 31 to 132 —
were calculated to be 5, 10, 21 and 44 days, re-

spectively.

B. Metabolic Studies

The use of radionuclides or radionuclide-tagged
molecules as tracers has become a standard pro-

cedure in many metabolic or physiological studies

on man and other organisms. Radionuclide tracers

are extremely useful for following the absorption
and transport of materials in molluscs and for

elucidating metabolic functions and transfer rates.

The method used in tracer studies is as follows:

The radionuclide that will be the best tracer of

the metabolic function to be studied is selected.

The oyster is labeled either by feeding radio-

tagged algae or by placing the oyster in water

containing the radionuclide. After a sufficient

quantity of the tracer has been accumulated, the

source of the radionuclide is removed and the

oysters are monitored periodically to determine
the fate of the tracer.

Using 65Zn as a tracer, Wolfe (1970b) and

Bryan (1969) have determined the metabolism of

zinc by C. virginica and Ostrea edulis, respectively.

Others have studied the uptake and loss of (1)

cadmium in O. sinuate (Brooks and Rumsby,
1967), (2) phosphate ions in C. virginica (Pom-

eroy and Haskin, 1954) and (3) zinc and mercury
in C. gigas (Seymour and Nelson, in press).

C. Filtration and Feeding Rates

The advance of radioecological techniques has

made it possible to use radionuclide labeled

planktonic algae to determine the rate of fil-

tration and feeding by water filtering molluscs.

Algae are made radioactive simply by rearing
them in a culture solution containing the selected

radionuclide (usually phosphorus-32 or cal-

cium-45). The algae are then added to aquaria
containing the oyster, and the water and oyster
are periodically monitored to follow the transfer

of the radionuclide. Details of the method are

described by Rice (1953).

Using Carteria cells labeled with a number of

different radionuclides. Rice, Baptist and Price

(1965) found that a large percentage of the up-

take of radionuclides by C. virginica occurred with-

in four days after the addition of labeled algae
to aquaria containing the oysters. Floyd (1952)

and Allen (1962) also determined the feeding rate

of oysters using labeled plankton. Studies of the

filtering, feeding and excretion rates of molluscs

other than oysters have also been made (Rice

and Smith, 1958; Smith, 1958).

This method is very sensitive and allows detec-

tion of very slight changes in cell numbers which

otherwise could not be measured (Galtsoff, 1964).

Since the amount of radionuclide per cell can be

varied over a wide range, it is possible to prepare

suspensions of cells with a wide range of cell

density and still make accurate radioactivity

measurements. This allows observations to be

made without using abnormally high concentra-

tions of algae which might interfere with the

normal filtration of the oyster. This method is

also easier and faster than other methods, such

as photometry, which in any case can not be used

when the water is silty or when more than one

species of algae is present.

D. Shell Growth
The growth rate of the shell of an oyster can

be determined by two methods, autoradiography
and quantitative measurement of the uptake of

either '^Ca or ^osr. The method of tissue autora-

diography (Novek, 1962; Cross, Fowler, Dean,
Small and Osterberg, 1968) has been used by
Bonham (1965) and Bevelander (1952) on shell.

The method simply involves cutting a transverse

section of shell to expose the growth layers and

then laying the section of shell on X-ray film

until a satisfactory exposure has been made. The

e.xposure time varies according to the amount
of radionuclide in the shell. The radionuclide will

darken the film and thus can be identified within

the shell. The amount of shell growth can then

be correlated with the time that the oyster was

exposed to the radionuclide. Using autoradio-

graphy, Bevelander (1952) determined shell

growth rates of various marine and freshwater

species of molluscs, while Bonham (1965) deter-

mined shell growth in the giant clam, Tridacna

gigas.

By directly measuring the amount of '•^Ca in

the shell, the rate of shell formation in C. vir-

ginica has been determined (Wilbur and Jodrey,

1952; Jodrey, 1953). The amount of «ca deposited
in the shell was directly proportional to the time

of exposure to the radionuclide for experiments
of 8, 16 and 24 hr. From measurements of ''^Ca

in oyster shell, both the rate of growth and the

total accumulation of CaCOs can be calculated. To

prevent adsorption of the radionuclide to the

shell, the outer surface of the shell may be coated

with paraffin (Seymour and Nelson, in press) or

with fingernail polish (Wilbur and Jodrey, 1952).

The use of radionuclides to measure shell

growth offers two advantages over other tech-

niques: (1) Extremely small growth increments

such as those occurring in 4 hr can be measured,
(2) differences in the rate of deposition in dif-

ferent areas of the shell can be determined. An
obvious limitation of both the autoradiographic
and the direct measurement methods is that sue-
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cessive measurements can not be carried out on

a single individual as the oyster must be sacrificed

for sampling.

E. Radionuclides as a Field Tag
To be suitable as a tag for mark-recovery ex-

periments in the field, a radionuclide should be

a high energy gamma emitter with a long physical

half-life.

Webbe and Read (1962) found that cobalt-60

(60Co) met the above requirements as a tag for

the snail, Biilinus nasutus. The snails were im-

mersed for 24 hr in one liter of water containing

five millicuries of eoco (as C0CI2). After 24 hr

the mean radiation level was above 200,000

counts/min as indicated by a Geiger-Muller tube

which converts the energy of ionizing radiation

into electric impulses which can be counted. This

count rate was equivalent to a body burden of

20 microcuries of ^^Co per snail. At 6 weeks time

the counts/min were 35,800. Tagged snails were

easily detected with a portable Geiger-Muller

counter throughout the six weeks of the test.

F. Elemental Analysis
The analysis of trace elements in many organ-

isms is a difficult task when chemical separation

techniques are used. The advent of neutron acti-

vation analysis has allowed faster and more ac-

curate trace element determination to be made
for some elements (Fukai and Meinke, 1959).

Using neutron activation analysis and gamma
spectrum analysis, Dear (1969) determined the

seasonal variation of stable manganese in the

Portugese oyster.

G. Genetic Studies

In recent years, outbreaks of disease caused

by the micro-organisms, Lahyrinthomyxa mari-

nnm and Minchinia nelsoni have reduced the

populations of oysters in some localities along

the Atlantic Coast. In relation to these problems,

thought has been given to the possibility of de-

veloping disease-resistant strains of oysters by

increasing the mutation rate through radiation

exposure. Since all mutations are not detrimental,

increasing the mutation rate may result in some
desirable mutations, leading to better disease re-

sistance or growth. The new strains may result in

oysters of greater quantity and better quality.

For example, increasing the mutation rate of

plants by irradiation has resulted in better strains

of corn, wheat ajid flowering plants (Rice, 1965).

CONCLUSION

In conclusion, we feel that the use of radioeco-

logical techniques, while not solving all the

problems of molluscan research, can complement
with speed and accuracy the methods usually

available to the oyster biologist, and that data

gained from oyster studies involving radio-

nuclides can add to the knowledge in two fields,

oyster biology and radiation ecology.
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ABSTRACT

Exveriments conducted with adult Thais haemastoma indicate that this oyster

borer utiliges a paralytic secretion in attacking oysters.

Approximately 30% of the oysters eaten by Thais showed no evidence of drilling

on the shell. Drilling appears to be a secondary jn-ocess in many cases, but ts

seldom found inward of the area of occlusion, or outer margin of the oyster shell.

INTRODUCTION

Disputes over the boring mechanism of proso-

branchiate gastropods have been in the literature

for a long time. Cuvier (1817), LacazeDuthiers

(1856), and Geddes (1879), among others, thought

that the radula did not move over the odonto-

phore. Contrary to these opinions, Huxley (1853),

Wegmann (1884), Herrick (1960), Dakin (1912),

Gunter (1936, 1952) and Carriker (1955) stated

that the radula does move over the odontophore.

Gunter, reported results based on direct observa-

tion confirming Huxley's original statements

about the drilling apparatus of these gastropods.

In addition, Jensen (1951) pointed out instances

of certain Naticidae drilling holes in the acid

resistant egg cases of skates and gastropods,

emphazing the efficiency of the boring mechanism.

However, this mechanical efficiency does not rule

out the possibility of supplementary secretions

which may aid the animal in procuring food. In an

unpublished report, Gunter (1935) i stated that

the oyster borer, Thais haemastoma "appai-ently

does not have to insert its proboscis at all to get

the oysters open for many show no discernible

signs of shell damage under low power bino-

culars." Dubois (1909) and others have reported

upon the poisonous properties of the secretion

produced by the muricids and their relatives.

Clench (1947) says this secretion is used to im-

I Guiter, G. 1935. Studies on the Southern oyster

borer, Thais haemastoma (Linne). unpub. Ms.

mobilize the prey and mentions Purpura patula

Linne specifically, which produces a quantity of

the secretion and uses it to immobilize chitons

without drilling.

On the basis of Gunter's report and subsequent

laboratory studies, we conclude there is a strong

indication that Thais haemastoma uses some form

of narcotizing or paralytic agent which forces the

oyster to open.

METHODS

In three separate experiments by Gunter,

Metzger and McGraw, adult Thais were placed in

jars or tanks containing specimens of the oyster,

Crassostrea virginica, and observed. Gunter's

work was carried out at the Indian Pass Labora-

tory of the U. S. Bureau of Fisheries in 1934 and

1935 on Apalachicola Bay, Fl. Mrs. Judy Metzger

and Katherine McGraw carried on similar work

under his direction at Ocean Springs, Miss, in

1968 and 1970.

The temperature and salinity were checked daily

and the time taken for a gastropod to consume an

oyster was recorded. The behavior of the Thais

and the oysters was also scrutinized to determine

if a pattern of action existed when the conch began

to prey upon the oyster. The oysters used in the

last experiment (Table 1) ranged from 312 cm in

length, with Ein average of 6.6 cm, and Thais

averaged 7.6 cm. The temperature during the

experiments ranged from 15-30°C. However, this

variability apparently had no effect on the method

of attack by Thais.

95
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TABLE 1. Combined studies by Metzger and McGraw
1968 and 1970.

Numbers
Percent of total

Oyster shells bored

at bill edge

Adult

42

76.4

Oysters killed

without boring

Adult

13

23.6

RESULTS

If the Thais had been denied a food source pre-

viously, they would attack oysters within 30 min
after being placed in a tank with oysters. The time
taken for an adult Thais to kill and completely
devour an adult oyster is appro.ximately 24 hr.

(twenty-four hours. The attack is almost always
made on the bill of the oyster where the shell is

thin. Sometimes the animal gets on top of the

shell facing forward in the direction of the hinge,
but most of the time it has been observed to face

the oyster with the upper part of the foot folded

around the upper bill edge. Thus the proboscis is

never seen.

Occasionally, attacks were not successful and
the animals were observed to leave the oyster and
return three times in several days before succeed-

ing in killing the oyster (Gunter 19351. Generally
a very small semi-circular hole, about 1-2 mm
wide was bored on the bill edge of the oyster in

the thin new shell and did not penetrate into the

mantle cavity or into the other bill. Large holes

were seldom seen and very few holes were large

enough to admit the proboscis, contrary to the

methods of most boring gastropods. In fact, some-
times almost 30';( of the oysters eaten showed no
evidence of drilling on the shell whatsoever when
examined under a binocular dissecting scope
(Tables 1 and 2).

It should be noted that oyster shells do not fit

sharply together at the edges like clam shells do,

but instead they have an area of occlusion a few
millimeters wide. Thus marginal borings of oyster

bills do not permit the entrance of the probiscis

while the shell is closed because they are not be-

yond the area of occlusion.

While being attacked by Thais, oysters were

observed to gape open and would close only if

stimulated sharply with a blunt probe. One

kymograph record of shell movement of an oyster

being bored indicated that the oyster opened and
closed quickly at 6 hr intervals. After the third

opening the oyster opened again after 1 hr and
tried unsuccessfully to close again, then was com-

pletely eaten in 6 hr time.

Even in cases where the Thais were interrupted

before they could consume the oysters, except for

a small portion of the gill, the oysters continued

to gape open, not responding to stimuli. They
finally died, apparently too paralyzed to function

effectively. Thais will often eat an entire oyster,

leaving nothing but an empty shell. However, on

some occasions parts of the oyster are left. Obser-

vations show that in these cases the gills and

mantle are left, and sometimes portions of the

adductor muscle. This would tend to indicate that

the conch prefers the soft body of the oyster to

other parts, then the muscle, and last, the mantle

and gills.

Oysters which have been recently killed by
Thais always contained several milliliters of clear

mucus, often with a drop or two of the purple
mucus which is secreted by the hypobranchial

gland. The secretion of the hypobranchial or anal

gland is a yellowish, viscid material which re-

mains yellow in a dark room but turns a bright

TABLE 2. Study conducted by Gunter 1935.
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purple in sunlight. It is usually present in and on

the shell of an oyster which is being preyed upon

by Thais and in some cases stains the tissues and

shell. Preliminary experiments conducted at the

Gulf Coast Research Laboratory show that it

inhibits the ciliary action of oysters.

At the Indian Pass Laboratory (Fla. ) of the

U. S. Bureau of Fisheries, Gunter observed in

1935 that smaller conchs bore holes in oysters

more often than the larger ones do. William J.

Demoran of the Mississippi Marine Conservation

Commission has made the same observation in-

dependently (personal communication) and Jap-

anese workers have made similar observations

on other muricids in Japan (Hibiya, Iwai and

Hashimoto 1953). Drilling holes through oyster

shells seems to be a proclivity of small snails,

which may be unable to produce enough toxic

material to kill oysters.

In preliminary studies on the toxicity of the

secretion from the hypobranchial gland of Thais,

supplied by us, Dr. Chian L. Huang at the Univer-

sity of Mississippi Pharmacology Department
found that a dose of 25-50 mg/kg produced

hyperactivity and agitation in mice. The LD50 in

mice was found to be 215 mg/kg (personal com-

munication).

The above observations suggest that Thais

utilize some type of paralytic agent when attack-

ing oysters and that at times drilling is a secondary

process, especially with larger conchs which may
secrete lEirger amounts of the substance.
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ASSOCIATION AFFAIRS

ANNUAL CONVENTION

The National Shellfisheries Association's 1971

Convention was held jointly with the Shellfish

Institute of North America and the Oyster Dealers

Association of North America, Inc. from 20-24

June 1971 at Seattle, Washington.
Officers and Executive Committee numbers

elected for the term 1971-1972 were:

President Kenneth K. Chew
Vice-President R. Winston Menzel

Vice-President Ronald Westley

Members-at-large Michael Castagna
Theodore B. Ford
Robert Hillman

Co-editors. NSA Proceedings William N. Shaw
John W. Ropes

Mr. Darryl J. Christensen of the National

Marine Fisheries Service Biological Laboratory,

Oxford, Maryland is Custodian of back issues of

the NSA Proceedings.
A resolution was drawn up and sent to Mrs.

Imai expressing NSA regrets on the death of Dr.

Takeo Imai. Mr. Edwin Joyce of Florida Depart-
ment of National Resources reported that an up-

dating Baughman's Bibliography will be published

in the near future. A mail bcdlot for a proposed

$2.00 increase in annual dues is to be sent out to

each member prior to the 1972 meeting. NSA mem-

bership continues to grow. There are now 360

general members, 9 Honorary members and 3 Life

members and 3 active library subscribers and 4

abstract companies.

The Pacific Coast Section of NSA and the

Pacific Coast Oyster Growers Association met

jointly with the parent organization in Seattle.

The Pacific Coast Section as of June 1971 had

94 members. Officers of the Section elected for

the term 1971-1972 were:

Chairman Robert Herrmann

Vice-Chaii-man Herb Tegelberg

Secretary-Treasurer Gary Gibson

The next joint meeting of the National Shell-

fisheries Association and the Shellfish Institute

of North America will be held in Williamsburg,

Virginia from 25-29 June 1972.

Regular membership to the NSA is $6.00, library

subscription is $6.00, foreign subscriptions $7.00

and patrons contribute $100.00 or more.
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